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ABSTRACT

This thesis describes the conversion of four computer programs on the Naval Post-
graduate School IBM 3033AP computer system and their implementation on the
MicroVax 2000 CAD/CAE workstation. The existing 2-D airfoil analysis programs
DUBLET and PANEL were extensively modified to improve the user interface. The 3-D
wing analysis program VORLAT also received an updated interface. The JETFLAP
source program no longer resided on the NPS mainframe and was reconstructed from
an original source tape and program listing. This program was then converted from
FORTRAN 1V for the CDC 6000 series computers to FORTRAN 77 for use on the
IBM mainframe and the MicroVAX '2000. An interactive data input program,
JETFLAPIN, was deveioped to simplify data input, provide error checking and cor-
rection and thereby enhance the utilization of the JETFLAP program. The programs
are intended for use by students in basic and advanced courses in aerodynamics at the
Naval Postgraduate School, however they are also applicable to a course in
computaional acrodynamics.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may not
have been exercised for all cases of interest. While every effort has been made, within
the time available, to ensure that the programs are free of computational and logic er-
rors, they cannot be considered validated. Any application of these programs without
additional verification is at the risk of the user.
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11. INTRODUCTION

Cu:.cnt aerodynamic analysis relies heavily upon numerical methods for estimating
the aerodynamic coeflicients of airfoils and wings. This thesis was undertaken to provide
the students of the aeronautical engineering curriculum with a series of computer pro-
grams that would give them a better appreciation and understanding of several compu-
tational methods that have been applied to classical aerodynamic theory.

The Department of Aeronautics and Astronautics at the Naval Postgraduate School
(NPS), in conjunction with the Mechanical Engineering Department, is developing a
computer-aided design computer-aided engineering (CAD 'CAE) laboratory for use in
research and teaching by their respective curriculums. The system is based on a network
of Digital Equipment Corporation (DEC) MicroVAX 2000 workstations. There is an
ongoing requirement to provide specialized software (programs) for the computer net-
work that is usable by the students and staff to support current and future courses and
research.

At the time of this writing, several aerodvnamic analysis programs reside on the \PS
IBM 3033AP mainframe computer. They are in various states of repair! and due to
constant software and hardwarc upgrades of the mainframe system some programs
provide limited output capabilities2 while others are becoming unusable due to compiler
changes. There is also a wide range in the amount and quality of the documentation
available for each program. This thesis seeks to remedy a portion of this problem and
support the previously mentioned software needs requirement by providing a set of
baseline programs and thorough documentation which will extend the life of these val-
uable programs and allow further upgrades and eventually the incorporation of graphics
routines by future users.

The programs contained in this work were selected on the basis of their applicability
to the present courses taught in basic and advanced aerodvnamics at N\PS, the doc-
umentation available and previous user inputs. They were revised or modified with the

1 Source code is not available for some programs, in particular FLO27. Since certain output
flags for FLO27 were set in the source code and the user was unable to alter these, an inordinate
amount of unwanted output was produced.

2 Several programs, notably FLO27, JETFLP and those used in the Aircrat Combat
Survivability and Lethality courses have lost their graphical output due to software incompatibility
problems.




intent that they be used for preliminary design and to evaluate the changes in aero-
dynamic coeflicients due to changes in one or more of the input parameters. To this
end. the following factors were empasized in modifving or creating the programs to make
them easily understood and utilized:

e Error checkingcorrection capability.

¢ Capability to make multiple runs in one session.

¢ Capability to change one or more parameters on subsequent runs.

e LUltilize a standardized interface (to the extent possible).

¢ Allow user defined names for input. output files.

This document briefly describes the basic theory behind the 2-D airfoil and 3-D wing
analysis programs and the reprogramming required for transfer and conversion of the
selected programs from the IBM 3033AP and CDC 6000 series computers to the
MicroVAX 2000 CAD CAE workstation.

A users manual for each program is contained in the appendices. These provide a
short discussion on the purpose of the program, input requirements and constraints,
program operation and the program output. A sample input session, input data file (if
required) and the resulting output as well as a complete program listing is also included.

Project results and recommendations for future work are given.




IIl. BASIC THEORY OF 2-D AIRFOIL ANALYSIS PROGRAMS

A. INTRODUCTION

The following sections are intended to present the reader with a basic understanding
of the ideal fluid flow concepts underlying the 2-D airfoil analysis programs. This brief
summary contains just a few highlights which would be obtained from a course in the
fundamentals of aerodynamics and in no way attempts to provide the reader with a firm
foundation in aerodynamics or fluid flows.

It will be assumed that the reader is familiar with the concepts of velocity potential,
¢, stream function, ¢, and their derivatives. It is further assumed that the reader has
some familiarity with the concepts of the basic fluid flows: uniform stream, source, sink,
vortex and doublet. Figure 1 depicts these basic fluid flows and provides and example
of how two of these flows, a uniform stream and a doublet, may be combined to model
the flow over a cylinder. A thorough discussion of these flows and their propertics may
be found in most aerodynamics texts. References 1, 2, 3 and 4 were instrumental in the
preparation of the following sections.
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Figure 1.  Basic Fluid Flows




B. PROGRAM DUBLET

The type of analysis used here is a direct method in which the shape of an ellipsoid
or airfoil-like bodyv is specified and the problem is to solve for the distribution of
singularities which, in combination with a uniform stream. produce the flow over the
body.

This program provides a numerical method for approximating the solution of the
integral equation for the line doublet distribution for a svmmetrical airfoil at zero lift in
incompressible irrotational flow. With the doublet strength known, the velocity field can
be determined using equations for the stream function and velocity potential. Once the
velocity field is known, the pressure field may be determined using the Bernoulli
equation.

For this problem the airfoil body shape is specified asy = Y/x,;. Itis a closed form
which has a finite length or chord, ¢ as shown in Figure 2.

= Y{x)

y
re { 5 -
I ¥c13 ¢ x

Figure 2.  An Airfoil-like Shape

Such a shape can be defined by an equation of the form:
¥(x) = A\ (e~ 2) )

This shape is to be modeled by a string of doublets along the x axis, and the strength
of each doublet to be determined. The solution is required to meet the flow tangency
condition and the doublets are required to be within the body.

Since thin-airfoil theory fails near the stagnation points and it is not physically
possible for the source distribution to extend to the ends of the body and still meet the




flow tangency condition, there must exist a finite distance between the ends of the source
distribution and the stagnation points.

This distance is determined by approximating the shape of a blunt-nosed airfoil near
its nose, x = 0, as parabolic. Using thin-airfoil theorv and the radius of curvature
(Figure 3), the source strength near the leading edge of the source distribution can be
approximated. Applving this approximation and the requirement that the source-
induced velocity must cancel that of the onset flow at the stagnation point, it can be
shown [Ref. 1 pp.52-54}, that the separation distance between the stagnation point and
the leading edge of the source distribution is approximately half the radius of curvature
of the nose of the body. A similar analysis holds for the other end of the body.

ot

t=

Figure 3.  The Radius of Curvature of a Leading Edge

The program DUBLET incorporates the half radius of curvature insct and satisfics
the flow tangency requi}emcnts using an jterative approach. This is done by taking an
approximation to the proper inset, solving the set of simultaneous equations for the
doublet strength distribution which satisfies the flow tangency condition and then eval-
uating the resulting velocity at the stagnation points. If the velocity is not sufficiently
close to zero, the estimated values are revised and the process is repeated. The iterative
approach used is an interval-halving or bisection method of root-finding similar to that
described in Ref. 5.

A more complete development of the thin-airfoil theory and the underlying
equations used to derive this method are detailed by Moran [Ref. 1].




C. PROGRAM PANEL

This analysis again uses the direct method to solve for the proper distribution of
singularities3 on a body which, in combination with a uniform stream, provide the flow
over the body.

This program uses a numerical approach to provide an approximation to the sol-
ution of the integral equation for the source and vortex distribution on the surface of a
lifting body in incompressible irrotational flow. It is specifically designed to evaluate
NACA four- digit airfoils and NACA five-digit airfoils of the 230XX series; however
provisions are made within the program for entry of any arbitrary airfoil shape.

The following presents some reasons for and a brief development of the panel
method. Although thin airfoil theory gives reasonably good results for lift and moment
cocflicients, it ignores the eficct on those coefficients of the thickness distribution. In
addition, thin airfoil theory gives good pressure distribution results only away from the
stagnation points. Since proper design of an airfoil requires an accurate prediction of
its pressure distribution, more powerful methods are based on the distributions of
sources and vortices or doublets. This is empasized by Moran when he states

“To avoid the inaccuracies of thin-airfoil theory, the flow-tangency condition must
be satisfied on the body surface and...the singularities should be distributed on the
body surface rather than on the chord line or any other line within or without the
body.”

To achieve this placement of the singularities on the body, the body surface is ap-
proximated by a collection of straight line panels. This form of surface approximation
is where the panel method receives its name. Program PANEL uses a solution method
based on sources and vortices distributed on these surface panels.

The potential for this flow may be described as

¢ =0+ s+ vy ()

where ¢, is the potential of the uniform onset flow, which can be written in a Cartesian
svstem as

b=V xcosa+V_ ysina 3

3 "Singularities” is used here as a generic term for sources, vortices, doublets and other funda-
mental solutions of the Laplace equation that blow up--are “singular™--at some point outside the
flow field.




where F°_ is the velocity of the uniform flow. and a is the angle between the flow direc-
tion and the x axis. The remaining potential terms are defined as

¢S§f-‘l,‘;—‘nmds @
bvm— |52 04s (5)

in which the integrations are over the body surface. This defines ¢ , as the potential
of a source distribution of strength g(s) per unit length and ¢, , as the potential of a
vortex distribution of strength ;(s) per unit length. Figure 34 shows that s is the distance
measured along the surface from some arbitrary reference point--in this case the leading
edge has been chosen--to the “field point”, (x4 , or (7, 0) in polar coordinates.

Figure 4. Nomenclature for the Analysis by the Panel Method

We seek a solution where ¢(s) and y(s) are determined so as to mect the boundary con-
dition of flow tangency and the Kutta condition. The latter is the requirement that the
stagnation point be at the trailing edged.

The view of this problem taken by Hess and Smith [Ref. 6] is that the source
strength governs the flow tangency condition and the Kutta condition governs the

4 All airfoils considered here are assumed to have sharp trailing edges.




vortex strengthS. They make the simplifving assumption that the vortex strength is
taken constant over the whole airfoil, i.e. y(s) =y , and justifv this by reasoning that,
since the Kutta conditicn governs the vortex strength, and the Kutta condition involves
only the trailing edge, then the vortex strength can be represented by a single number.
Conversely, the source strength must vary over the surface to allow the flow tangency
condition to be satisfied at all points on the body surface.

The integrals of equations (4) and (3) are difficult to evaluate unless the surface on
which the singularities are distributed is a straight line. This is where the surface panels
come into play. The body is divided up into a set of panels by selecting a set of \" points,
called nodes, which are then connected by straight lines. This results in an approxi-
mation of the body composed of .N nodes and panels as shown in Figure $.

Figure S.  Definition of Nodes and Panels

The sources and vortices are distributed on the straight linc panels and the constant
vortex strength assumption is incorporated so that the potential given by equation (2),
as developed in equations (3) through (5), may be written as:

.
¢-wacosa+VJsina+/Z;Ld[ qz(:‘lnr- 2’; 0]4: (6)
L]

$ In actuality, both singularity distributions are important in satisfying either condition.




To allow evaluation of the integrals in equation (6), the source strength is taken to
be constant on each panel, but allowed to vary from panel to panel, i.e.

qg(s)=q,on panel i/, i=1,..,\ (7)

The parameters to be determined are then the N source strengths ¢, and the single
vortex strength y. These are found by imposing the flow tangency condition at .V control
points and a corollary to the Kutta condition which states, “Near the trailing edge, the
flow speeds on the upper and lower surfaces of the airfoil are equal at equal distances
from the trailing edge.”[Ref. 1)

Moran [Ref. 1] prc'"'ides a clear explanation of the geometric development of the
problem and the resulting set of V + | equations in the unknowns ¢, i = 1,...,N, and
y. This leads into 2 discussion regarding the development of a FORTRAN program that
uses the panel method. Program PANEL sets up and solves this set of equations. The
tangential velocity at the midpoint of each panel is then evaluated and its associated
pressure coeflicient C, is calculated. By assuming the latter to be constant over each
panel, the estimated lift and moment may then be calculated.

10




1V. BASIC THEORY OF 3-D WING ANALYSIS PROGRAMS

A. INTRODUCTION

As discussed in the previous section on 2-D airfoil theory, there are several ways to
model the source of forces acting on a body surrounded by a moving fluid. These in-
cluded potential functions, vortex distributions, circulation distributions and pressure
differential distributions. These models are related to one another and each has advan-
tages and disadvantages. Both of the following programs, VORLAT and JETFLAP, rely
on a distribution of discrete horseshoe vortices to model the flow over a wing.

1. The Horseshoe Vortex

To provide the reader with an understanding of the theory behind the VORLAT
and JETFLAP programs, it is necessary to explain what a horseshoe vortex is and what
properties it has. References 1, 2, and 3 provided a basis for much of the material con-
tained in this section.

The idea of th. horseshoe vortex was developed by Prandtl and Lanchester
while trying to provide a simplified model of the ideal flow over a wing. Prandtl rea-
soned that a vortex filament of strength I', bound to a fixed location in a flow--a bound
vortex--will experience a force L=p_I_I' from the Kutta-Zhukovsky theorem. To
satisfv Helmholz’ theorem which states that a vortex filament cannot end in a fluid. the
vortex filament continues as two frec vortices extending downstream from the wing tips
to infinity. The construction of this vortex is in the shape of a horseshoe and it is
therefore called a horseshoe vortex. It is correctly pointed out however by Zucker that,
“...the word "horseshoe”, although in common usage, is misleading since these (ilaments
are actually “closed” back at the place where the motion originated.”[Ref. 3]

As shown in Figure €, the wing is replaced by a “lifting line” perpendicular to
the flight direction and located at the quarter-chord, with the two free vortices trailing
from the wing tips.

11




b
3

Free-trailing vortex

Replace fingte
wing with
bound vortex

]
-—y-—z

Fimite wing

Figure 6. Replacement of the Finite Wing with a Bound Vortex [Ref. 2]

This model did not provide a very realistic simulation of the downwash distrib-
ution of a finite wing; especially near the tips where the predicted downwash approaches
an infinite value. The downwash distribution as a function of the span, w{(}), is shown
in Figure 7.

Trailing vortex
P

Figure 7. Downwash Distribution Along y Axis for a Horseshoe Vortex [Ref. 2]

12




An improvement on this model was the “lifting line” model which superimposed
a large number of horseshoc vortices. each with a different length of bound vortex, but
with all the bound vortices lving along a single line. This 1s depicted in Figure $ which
has three horseshoe vortices of strengths, AI',, AT'; and A, The varniation of I" along
the lifting line is denoted by the vertical bars. Since L oc I, this is also an indication of
the lift distribution. It should be noted that the strength of each trailing vortex is equal
to the change in circulation along the lifting line at the point where the trailing vortex
starts.

£
J‘ /1 §
x ”
sy lga &1
/ '5/\’ [} /, .L: b‘l

Figure 8. Superposition of Three Horseshoe Vortices Along a Lifting Line [Ref. 2]

This model is good for high aspect ratio straight wings and provides an excelient
prediction of spanwise loading and overall lift. It cannot however, produce chordwise
pressure distributions and moment data.

To deal with low aspect ratio straight wings, the model is extended by placing
a series of lifting lines on the plane of the wing at different chordwise stations, all paraliel
to the y axis. In the limit of an infinite number of these lifting lines, we obtain a vortex
sheet, where the vortex lines run parallel to the y axis. The strength of the sheet per unit
area is denoted by y, where the latter varies in the y direction in a manner analogous to
the variation of I" for the single lifting line. In addition, each lifting line will have, in

13




general, a different overall sirength, so that y also varies with x. This relation,
y = y(xg’) is shown in Figure 9.

-
T “'/.\ﬁ“'\' =

-

[ Xalf)

Lifung
—t surface

\’\L{/ﬁ’/}/

F TY]
’V‘ . et Wake

Figure 9. Schematic of a Lifting Surface [Ref. 2}

This vortex sheet results in a lifting surface distributed over the entire planform
of the wing. The strength of the lifting surface at any point on the surface is given by
y = y(xg). The aim of the lifting surface theory is to find y(x,) such that the flow-
tangency condition is satisfied at all points on the wing.

For computational purposes the planform is divided into a finite number of
square or rectangular panels and the ijth panel chosen for initial computation. The
spanwise vorticity on each panel is assumed to be concentrated at the quarter-chord
point of the panel and the flow tangency condition is satisfied at the “control point”
which is located at the three-quarter chord point of the panel [Ref. 1}. The wing problem
then reduces to computation of the velocity at the control point on this ijth panel due
to all the other panels. This velocity is combined with the freestrcam value and the
tangency condition applied. For each panel, there is therefore, one linear equation and
with N panels there are N such equations. Matrix methods are applied to solve this

_system and with the vorticity distribution known, the Kutta-Zhukovsky theorem is ap-

plied to obtain the lift and moments. The induced drag can be computed from the
downwash, which is known at the control points. The vortex-lattice method used by
program VORLAT is a simple approach used to solve for y = y(x,y).

14




B. PROGRAM VORLAT

Program VORLAT implements the vortex-lattice method to determine the solution
for the vortex strength distribution on a flat, untwisted, rectangular wing. A set of
horseshoe vortices are used to approximate the flow over a wing of low aspect ratio.
This is a version of the VORLAT program by Moran [Ref. 1] which has been highly
modified and now incorporates a cosine spacing scheme.

The User’'s Manual presents a short description of the VORLAT program. For
complete coverage of the origina] VORLAT program, consult Moran {Ref. 1}.

C. PROGRAMS JETFLAP AND JETFLAPIN
Program JETFLAP was written by M. L. Lopez, C. C. Shen, and \. F. Wasson

at the Douglas Aircraft Company, Long Beach, California. The program is based on
A Theoretical Method for Calculating the Aerodvnamic Characteristics of Jet-Flapped
Wings [Ref. 7} which was developed under a research contract sponsored by the Office
of Naval Research. The program is quite extensive and has the capability of determining
the following aerodynamic characteristics of wings of arbitrary planform:

¢ Spanwise and chordwise loading

e Spanwise variation of induced drag

e A capability to investigate the eflects of:
Part span flaps
Part span blowing
Pitching, rolling, vawing and sideslip

¢ Total lift and induced drag (momentum method), pitching, yawing and roiling mo-
ments, etc.

The program also provides the capability to investigate the effects of a variation of
leading and trailing flap deflection, camber, twist, jet deflection and jet momentum.

Despite the many capabilities of this program and the revised User’s Manual devel-
oped by Soderman [Ref. 8] in 1976, the program has had limited use at the Naval Post-
graduate School since then. This author feels that a major reason for its lack of use is
the inordinate amount of time required for the user to prepare and input the data file for
even the most elementary planform.

To alleviate this problem, the author developed Program JETFLAPIN, an interac-
tive data entry program to interface with the JETFLAP program. To ensure compat-
ibility, much of JETFLAPIN was created using existing subroutines from JETFLAP.
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The JETFLAPIN program provides the user with a method of developing an almost
error-free6 input data file for use with the main JETFLAP program.

The JETFLAPIN program provides error-checking, data review, correction, assur-

ance that all required data has been entered and the elimination of redundant data entry.

6 While it is still possible for the user to input bad data values, the errors due to values out
of limits or incorrect formatting have been virtually eliminated. -
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V. PROGRAM TRANSFER AND CONVERSION

A. INTRODUCTION

This section discussed the steps taken in the transfer of the programs DUBLET,
PANEL, VORLAT and JETFLAP from the IBM mainframe computer and their con-
version for use on the MicroVAX 2000 workstation. The information provided here will
be of use to others planning future transfers of programs between the IBM mainframe
computer and the MicroVAX:2000.

B. FILE TRANSFER
1. Programs DUBLET, PANEL, VORLAT

The programs DUBLET, PANEL and VORLAT, were located on the IBM
mainframe under the user account 4632P, which was set up for use by the Numerical
Mecthods course, AE 4632, taught in the Aeronautical Engineering Department.” Each
program was opertational on the mainframe and was activated through the use of an
executive calling routine referred to as an "EXEC”. These EXECs and the program
source code files were readily available for transfer.

Each program and its calling EXEC were transferred to the VAX 11780 located
in the Computer Science Department. This was necessary as the AE'ME VAX network
1s not currently hinked with the IBM mainframe. This transfer was conducted by Mr.
David Marco, a computer technician working on the AE'ME VAX svstem, using the
VAX 2780 3780 Protocol Emulator. The file transfer procedures outlined in a Computer
Science Department handout covering the RJE File Transfer Package were followed.
When the transfer was completed. the iiles were downloaded to a magnetic tape car-
tridge, a DEC TK50.

The tape was then taken to the MicroVAX;2000 workstation and loaded into
the DEC TK350 tape drive subsystem connected to the workstation. The files were then
tranferred from the tape to thc workstation’s hard disk. From here the files could be
edited using the VAX EDT editor [Ref. 9], compiled, linked and run under VAX
FORTRAN version V4.0.

7 The read-only password for this account is JVH.

17




2. Program JETFLAP
Program JETFLAP had to be handled quite diflerently than the other programs.
It too was operational on the mainframe, however it had been converted into a cata-
loged procedure. JETFLP, and was executed using a Job Control Language (JCL) rou-
tine. An example of this JCL file is shown in Figure 10. More information on how to
create and .- - JCL files may be found in the User’s Guide to MVS at \PS [Ref. 10} or
the IBM JCL User’s Guide [Ref. 11].

//TAPER JOB (1461,1478), 'DOUGLAS JETFLAP PRGM',CLASS=C

//*MAIN ORG=NAVPGS. 1461P

// EXEC JETFLP

//SYSIN DD *

Tapered Swept Wing, AR=8, Sweep Angle 45, 10X10 W/Semi-Circle Spacing
50.0000 20.000 0.0 10. 43 10.43

1001000001020000

. 993844  .969372 .921032 .850012 .758062 .647446 .520888

. 381504  ,232726 .078217

01010101010101010101

10

. 000000 .024472 .095492 .206107 .343492 .5000 . 654508
. 793893  .904508 .975528

8.0 45.0 0.45

9

/%

//

Figure 10, Sample JETFLAP Batch JCL File

After an exhaustive search by the personnel of the W. R. Church Computer
Center at the NPS, it was determined that only the compiled version of the program
existed on the IBM mainframe. The source code had been purged from the syvstem and
was not recoverable.

A magnetic tape containing the original Douglas Aircraft Company program
was obtained from Dr. M. F. Platzer. This copy had been obtained during thesis work
conducted by LCDR A. P. SODERMAN. The tape was logged into the NPS computer
center and its characteristics were determined using the tape scan JCL utility shown in
Figure 11.
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//JETFLP  JOB (1461,9999),' JETFLP TSCAN1',CLASS=E
//*MAIN SYSTEM=SY2,RINGCHK=NO

//*
. //* Print tape file characteristics for any tape
/1%
// EXEC TSCAN,VOLIN=JETFLP,DCBIN='DEN=2',UNITIN='3400-4'
//

Figure 11.  Magnetic Tape Scan Utility (TSCAN) JCL File

The tape scan utility revealed that the tape used a very old tape density of 800
BPI. The computer center still had an 800 BPI magnetic tape machine, however they
recommended that the contents of this tape be copied onto a new tape using the more
common density of 1600 BPl. This was accomplished using the magnetic tape copy
utility JCL file shown in Figure [2. The name of the original tape volume was JETFLP.
This was changed to JTFLAP on the new copy.

//JCOPY  JCB (1461,9999),'JETFLP COPY',CLASS=E

/1%

//* COPY TAPE FILE FROM 800BPI TO ANOTHER AT 1600BPI
//-.'e

// EXEC TAPE,VOLIN=JETFLP,DCBIN='DEN=2',6UNITIN='3400-4",
// VOLOUT=JTFLAP

//SYSIN DD *

CPYEND(10,11)

/-.':

//

Figure 12.  Sample Tape Copy JCL File

Several parity errors occurred while reading the original tape during the copying
process. This was an indication that the files contained on the original tape or those
obtained through the transfer process may contain errors.

To discover the contents of the tape, a magnetic tape dump utility JCL file was
used. This file is shown in Figure 13.
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//ITFLAP  JOB (1461,9999),'JTFLAP TAPE1l',CLASS=E
//*MAIN SYSTEM=SY2,RINGCHK=NO,LINES=(10)

A

//* PRINT THE CONTENTS OF EVERY FILE ON THE TAPE.
/1*

// EXEC TAPE,VOLIN=JTFLAP

//SYSIN DD 7

DMPFIL(10,256,1)

/%

//

Figure 13. Sample Tape Dump Utility JCL File

A quick review of the printout of produced by this utility revealed that the tape
did contain a complete set of the desired files and these were transferred to the author’'s
working disk (A disk) using the procedures outlined in Reference 12. The JCL file used
to perform the transfer from tape to the mainframe is shown in Figure 14.

//JTFLAP JOB (1461,9999),' JETFLAP TRANSFER',CLASS=A
// EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=A

//SYSIN DD DUMMY

//SYSUT1 DD DISP=SHR,DSN=MSS.C0052. JETFLP

//8YSUT2 DD UNIT=3350,VOL=SER=MVS004,DISP=(NEW,KEEP),

// SPACE=(CYL,(1,1)),

// DCB=(RECF}=FB, LRECL=80,BLKSIZE=8000),
// DSN=S1461. JETFLP

//

Figure 14.  Sample Tape Transfer JCL File

The file was edited to remove the extra lines associated with the transfer process,
specifically header, trailer and system information lines associated with the JCL tape
transfer utility. The transfer process also places the record number and record length
at the beginning of each record. These were removed. The edited version of the pro-
gram consisted of 4661 lines of FORTRAN code.
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Examination of the program file revealed that erroneous pieces of information8
had crept into the source file. These were due to either the transfer process itself or ef-
fects of the environment and aging on the magnetic tape. Regardless of their source,
these errors corrupted the source code to such a degree that it would not compile prop-
erly on the mainframe.

An attempt to compile the program was made using the VS FORTRAN com-
piler with its extended error messages9 to locate as many errors as possible. The listing
which was produced flagged all critical areas of the program which required revision.
Corrections to the program were made using the listing as a guide. Corrections to
non-critical areas of the program, such as comment lines, were made using the program
source code listings contained in References 8 and 7 as guides.

It was noted during the editing process that no further errors were encountered
in the program following line 2462. This leads the author to the conclusion that the er-
rors were not due to the transfer process, but solely due to defects present in the outer
windings of the source tape.

Following completion of the editing process, the program was compiled satis-
factorily. Since the program was written using scveral commands specific to FORTRAN
IV it was necessary to compile the program using the (LVL(66)) option with the VS
FORTRAN compiler. This invokes the FORTRAN 1V version of the VS FORTRAN
compiler which allows proper interpretation and compilation of older programs written
under the FORTRAN 1V standard.

The successfully compiled JETFLAP program was then run using the sample
data files provided in References 8 and 7 as input files. The results were then compared
to those tabulated in References § and 7 which were obtained using the same data files.
A slight difference was discovered between the computed values for the moment coefli-
cients (CM and CMG). This difference was traced to a program line for CMG(K) in
Subroutine SLOAD which had been modified in [Ref. 8: p. 338] and [Ref. 7: p. C-19],
but had not been corrected on the version of the program contained on the source tape.
Modification of this line and subsequent compilation and running of the program
produced results identical to those contained in References 8 and 7. An additional

8 The erroneous data consisted of extra spaces, non-standard characters and improperly in-
terpreted characters, i.e., several O’s were interpreted as M's.

9 The WATFIV comgiier is more thorough and produces an even greater number of messages.
It is recommended for use on smaller programs or in the final stages of program development due
to its extensive output.
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comparison was made with the data file and results produced by S. M. White, as part
of a class project for AE 3501{Ref. 13]. Again the results were identical. It was then felt
that the program was ready to be ported over to the MicroVA X, 2000.

The JETFLAP program was transferred from the IBM mainframe to the
MicroVAX 2000 in the same manner described previously. It was compiled using the
“NOF77 qualifier under VAX FORTRAN and appeared to compile successfully. When
a sample run was executed, the program terminated abnormally. This began an ex-
tended period of debugging to achieve proper operation of the program on the
MicroVAX-2000.

C. CONVERSION AND REPROGRAMMING
1. Programs DUBLET, PANEL, VORLAT
The programs DUBLET, PANEL and VORLAT were written to
FORTRAN 77 standards and therefore required little modification to become opera-
tional on the MicroVAX'2000. The only significant changes required involved the
handling and assignment of input and output data files. As discussed in the section on
file transfer, each of these programs had an EXEC file which related to it. Each EXEC
contained the name of the program to be run and its associated file definition statements.
The file definition statements, FILEDEFs, assign input output devices and were used to
define input and output file names and attributes and associate these with the logical
unit numbersl!0 assigned in the called program. An example of these FILEDEFs, with
the FILCDEF command abbreviated to FI, are shown in Figure 15. More information
on these may be found in the User's Guide to VM.CMS at NPS [Ref. 14] or the IBM
CMS Command Reference [Ref. 15].

10 A logical unit number is specified or implied as part of the I/O statement and it designates
the device or file to or from which data is transferred. Logical unit numbers are integers from 0 to
99.




&TRACE ON

FI 1 DISK JTFLAP DAT1 B (RECFM F LRECL 2400 BLKSIZE 2400 DSORG DA
FI 2 DISK JTFLAP DATA2 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 3 DISK JTFLAP DATA3 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 4 DISK JTFLAP DATA4 B (RECFM VBS LRECL 860 BLKSIZE 3460
FI 5 DISK JTFLAP DATAIN (PERM

FI 6 DISK JTFLAP DATAOUT (RECFM FBA LRECL 133 BLKSIZE 3325
GLOBAL TXTLIB VFORTLIB CMSLIB

LOAD JTFLAP

GLOBAL LOADLIB VFLODLIB

CLRSCRN

START *

&TYPE COMPUTING PROCESSING 1S COMPLETED

Figure 15. FILEDEFs in a Sample JTFLAP EXEC File

Although the use of EXEC files and FILEDEFs is relatively easyv and is com-
mon practice on the IBM mainframe. they are part of the VMS operating svstem and
are not in accordance with FORTRAN 77 standards. The VAX, VMS operating system
does have a similar capability using the COMMAND or .COM file, however in an effort
to make the programs more machine independent and compliant with the
FORTRAXN 77 standard, it was decided to open and define input and output files within
each FORTRAN program.

The use of the OPEN statement causes a logical unit number (device) to be as-
signed for input and or output. Within the OPEN statement specific characteristics of
the file such as record size, file type, type of access, file status, etc., are defined. An ex-
ample of such an OPEN statement is shown in Figure 16.
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C OPEN FILE FOR DATA FILE INPUT

OPEN (UNIT=LUN,
FILE= 'INFILE',
ORGANIZATION= 'SEQUENTIAL',
ACCESS= 'SEQUENTIAL',
RECORDTYPE= 'VARIABLE',
FORM= 'FORMATTED',
STATUS= 'OLD')

C OPEN SCRATCH FILE FOR MATRIX INPUT TO SOLN ROUTINE

OPEN (UNIT=2,
FILE= 'JTFLAP2.DAT',
ORGANIZATION= 'SEQUENTIAL',
ACCESS= 'SEQUENTIAL',
RECORDTYPE= 'VARIABLE',
FORM= 'UNFORMATTED',
STATUS= 'SCRATCH')

SIS S S

NN

Figure 16. Sample OPEN Statement

Much of the information shown in these OPEN statements may be defaulted,
that is, if a qualifier is not input by the programmer, a predetermined response is set by
the compiler. The attributes have been shown here for clarity and to enhance portabil-
itv. Since not all compilers use the same defaults, it is important to know as much as
possible about the file attributes when transferring programs from one machine to an-
other. General information on these qualifiers may be found in most FORTRAN texts
and specifics for the MicroVAX 2000 may be found in the VAX FORTRAN Manuais
[Refs. 16 and 17 ).
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V1. RESULTS AND RECOMMENDATIONS

The objectives of this thesis study have been achieved. A set of four FORTRAN
programs for basic aerodynamic analysis are available for student projects on the
Micro. VAX 2000 CAD CAE workstation. The following programs have been success-
fully transferred from the NPS IBM mainframe computer and are operational on the
MicroVAX: 2000,

¢ Program DUBLET
® Program PANEL

¢ Program VORLAT
e Program JETFLAP

In addition, an interactive program, JETFLAPIN, has been developed and implemented.
The programs are easy to use, JETFLAP being an exception, and they provide the de-
sired attributes of data review correction, multiple run capability and error-checking.
A users manual for each program was created. These manuals along with sample
input output files and complete program listings are contained in the appendices.

The programs were tested to ensure their accuracy and completeness following
conversion. This was accomplished by comparing the output files generated by the IBM
mainframe and the MicroVAX 2000 for identical input files. The numerical output
values were generally in agreement to the fourth decimal place or better. When the
JETFLAP output file for the DOUGLAS.DAT casell was compared to the output file
in Ref. 7, it was found to be numerically exact, save for a few isolated values. .

The results of the 2-D programs DUBLET and PANEL were compared to the ex-
pected theoretical values and wind tunnel data and showed good correlation. The results
of program PANEL for the NASA LS(1)-0013 airfoil showed excellent agreement with
those of Ref. 18. Although not its main purpose, the PANEL program is especially
useful for generating the surface coordinates for an airfoil of the NACA XXXX or
23XXX series. '

The 3-D program VORLAT, using the cosine spacing option, produced results
nearly identical to those obtained by Hough [Ref. 19], for a wing of aspect ratio 2. As

11 Input file used by Douglas Aircraft Co. to validate JETFLAP in their report to ONR.




mentioned previously, the results of JETFLAP compared well with the results found in
Refs. 7, 8 and 13.

Countiess manhours were expended in the editing, debugging and validating of these
programs, and the result is the desired set of baseline programs for basic aerodynamic
class projects and research.

As with all programs, there are still a few more changes that could be made to im-
prove the utility or flexibility of these programs. The next major step is to provide the
capability of generating graphical output from the data produced byv these programs.
The programs DUBLET, PANEL and VORLAT lend themselves quite readily to this
due to their columnar output form, and in fact, the results shown in Figures 26 through
34 in Appendix E were produced on the IBM mainframe using EASYPLOT and
DISSPLA.

There is also furthe- work to be done on program JETFLAPIN. Although it is fully
operational, the data review correction and error-trapping routines were not imple-
mented for jet-flapped wings due to time constraints. A user inputing data for a con-
ventional unblown wing of arbitrary or trapezoidal planform will not be aware of this
deficiency.

Although the JETFLAPIN program performs its designed task of assisting the uscr
in creating the properly formatted JETFLAP input file, a few suggestions for improve-
ment are considered relevant.

® The program should allow the user to define the number of spanwise and chordwise
divisions and then automatically compute the rcquired coordinates using a semi-
circle or similar scheme.

e The program shouid provide graphical display of the spanwise and chordwise
loadings for the fundamental and compasite cases. The section loadings to be
plotted should be user sclectable.

e The capability to read in and either continue or modify an existing file would be
quite useful. This would be an improvement over using the EDT cditor to modifv
{and possibly corrupt) the properly formatted file.
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Introduction

The purpose of the DUBLET program is to determine the piecewise constant doublet
strength m(?) for a line doublet distribution of an elliptic or airfoil-like shape at zero
angle of attack. The points 1, represent the location of the doublets along the chord or
line of symmetry. They are concentrated near the ends of the distribution, using a cosine
spacing method, where the variation of the doublet strength is expected to be most rapid.
The point ¢, corresponds to x, and ty corresponds to the endpoint x, The abscissas x,
of the points at which the integral equation is satisfied are chosen as the midpoints of
the subintervals on which the doublet strength is constant, i.e., x, = (1, +1._,)/2 .

The stream function can be calculated from the doublet strength distribution. From the
stream function, the velocity components and the pressure coeflicients may be calcu-
lated. The surface shape is defined by y= ¥(x) and the solution must satisfv the
boundary conditions at the lecading and trailing edge stagnation points.

Assumptions and Limitations

The approach taken to develop this method of solution assumes that the source and
doublet strength functions are both pieccwise-constant. It is also important to remem-
ber that this solution is for incompressible and inviscid irrotational flow. Since the
bodies under investigation are symmetrical and at zero angle of attack, there is no lift
or induced drag produced. In addition, there is no drag since we are considering an
inviscid fluid.

Input Description
There are very few input values required [or this simple program. Their description and
program variable namer are listed below.

NTYPE - Type of body shape; elliptic or airfoil-like.

TAU - Thickness ratio. { Maximum thickness chord)

XMAXY - Chordwise location of the point of maximum thickness. (Airfoil only)

N - Number of intervals. 2< N < 100

XS - Doublet distribution starting point.

XF - Doublet distribution ending point.

NXTOL - Exponent value used to generate the convergence criterion XTOL.

NFTOL - Exponent value used to generate the convergence criterion FTOL.
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XTOL - X location tolerance.
FTOL - X location tolerance.

Sample Problem

A few sample problems will illustrate the use of the DUBLET program. The first run
will be done using an ellipse of thickness ratio 0.1. The second run will analyze an
airfoil-like shape with a thickness ratio of 0.12 and a chordwise location of maximum
thickness of 0.30.

Starting the Program
Begin with the screen showing the DCL prompt, which looks like this.
S
Next, ensure that the program is in your directory by typing
DIR [Return]
and viewing the files for DUBLET.EXE and DUBLET.OBJ. If only the DUBLET.FOR
file exists, vou must compile the program by typing,
FOR DUBLET {Return]
The next step is to link the program by entering,
LINK DUBLET [Return]
The files DUBLET.EXE and DUBLET.OBJ will now exist and you will be able to run
the program.

Running the Program
To run the program, type
DUBLET [Return]
The program will start and the screen should look similur to what is shown in
Figure 17.
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PROGRAM DUBLET : VERSION 2 : 3 AUGUST 88

DOUBLET DISTRIBUTION METHOD IS USED TO DETERMINE
INCOMPRESSIBLE FLOW AROUND AN ELLIPSE OR
SYMMETRICAL AIRFOIL AT ZERO ANGLE OF ATTACK

PROGRAM ASSUMES A NONDIMENSIONAL CHORD, THAT IS,
THE VALID RANGE OF X IS FROM 0 TO 1.

ENTER TYPE OF BODY SHAPE DESIRED:
1) ELLIPTIC OR
2) SYMMETRICAL AIRFOIL-LIKE
ENTER 1 OR 2.

Figure 17. Initial Screen for Program DUBLET

For the elliptic case respond to the request by entering
1 [Return)
Respond to the request for the thickness ratio by entering
0.1 [Return]
Now enter the number of intervals you desire the doublet distribution to have by enter-
ing
10 [Return)
The screen should now look like what is shown in Figure 18.

WHICH METHOD DO YOU WISH TO USE TO DETERMINE THE
DOUBLET DISTRIBUTION ENDPOINTS? (1 OR 2)
1) PROGRAM INTERVAL-HALVING SUBROUTINE TO ITERATE.
2) MANUAL ITERATION BY THE USER.

Figure 18. Endpoint Determination Method Selection Screen

Respond to the question by entering
1 [Return]
If you should desire to enter your own values, enter 2.
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The next values vou will be required to enter are for the X location tolerance and the
stagnation point velocity function tolerance. It is recommended that values of 10E-6
(0.000001) be used. The maximum number of iterations should be set at a value of at

least 20 when using such small tolerances.

The output parameter entry has only to do with the interval halving subroutine. Unless
you are having problems with the program or are interested in the convergence of the
solution, it is recommended that this value be set to zero (0).

Following entry of the output parameter, the program begins the solution process. It
returns with U0 and Ul, the values for the X velocity component at the stagnation
points and the values for XS and XF, the beginning and ending points of the line doublet
distribution. If the values for U0 and Ul are sufficiently close to zero, say less than
10E-3 (0.001), then enter

Y [Return]
If vou desire more accuracy, enter

N [Return]
and then reenter the tolerance and maximum iteration values. Responding with a (Y)
will cause the program to proceed to the output stage. Values will be printed to the
screen and to the following data files:

DUBLET.DAT : DOUBLET STRENGTH DISTRIBUTION
SHAPE.DAT : BODY SURFACE COORDINATES
PRESSURE. DAT: SURFACE PRESSURE DISTRIBUTION

You will be asked for the number of pressure coefficient output points you desire. This
number is independent of the number of intervals of the line doublet distribution. It
affects only the number of output data points and not the accuracy of the solution. The
program now asks if you want to make another run. Enter
I [Returnj

This time the sample problem will work through the airfoil-like shape case and the user
will supply the values of XS and XF. The user may experiment with manual iteration,
however to save space this sample will use previously determined satisfactory values of

XS and XF for the initial guess.
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You should now be back at the initial screen and it should look like Figure 17. For the
airfoil-like case enter

2 [Return)
Respond to the request for the thickness ratio by entering

.12 [Return]
For the chordwise location of maximum thickness, enter

.30 [Return]
Now enter the number of intervals you desire the doublet distribution to have by enter-
ing

10 [Return]
The next step is to select the method for the determination of the endpoints for the
doublet distribution. The screen should look like Figure 19.

WHICH METHOD DO YOU WISH TO USE TO DETERMINE THE
DOUBLET DISTRIBUTION ENDPOINTS? (1 OR 2)
1) PROGRAM INTERVAL-HALVING SUBROUTINE TO ITERATE.
2) MANUAL ITERATION BY THE USER.

Figure 19.  Endpoint Determination Method Selection Screen

This time respond to the question by entering
2 [Return]

For the doublet distribution starting point, XS, enter
0082129128 [Return]

For the doublet distribution ending point, XF, enter
9994138 [Return]

As with the previous example, the program now begins the solution process. [t returns
with L0 and U1, the values for the X velocity component at the stagnation points. It
also echoes back the values entered for XS and XF. If the returned values for LU0 and
U1 are sufficiently close to zero, then enter

Y [Return]

This response will cause the program to proceed to the output stage. Values will be
printed to the screen and to the data files.
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Enter the number of pressure coeflicient output points vou desire. You are reminded
that this number is independent of the number of intervals of the line doublet distrib-
ution and it does not affect the accuracy of the solution.

The program now asks if you want to make another run. The session is finished, so enter
2 [Return}

This completes the samnle problems for the DUBLET program. The data files created
by these sample runs and the listing for the DUBLET program are on the following
pages. Since the bodies analyzed by this program are svmmetrical with respect to the x
axis, only the upper surface body shape coordinates and pressure coefficients are output.
For this reason, the piecewise constant doublet strength M(l) is divided by two to indi-
cate the portion affecting the upper surface. '
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SAMPLE PROBLEM OUTPUT DATA FILES

Sample problem 1: Ellipse - Thickness ratio = 0.1

T(I) = Chordwise location of doublets, T(1)=XS T(N)=XF
M(1)/2 = Piecewise doublet strength / 2

DATA FILE: DUBLET.DAT

DOUBLET STRENGTH DISTRIBUTION
T(I) M(I)/2

0. 0045 0.0112
0. 0287 0. 0259
0. 0991 0.0395
0.2087 0.0494
0. 3469 0. 0547
0.5000 0. 0547
0.6531 0. 049.
0.7913 0.0395
0. 9009 0.0259
0.9713 0. 0112
0. 9955 0. 0000

Sample problem 2: Airfoil Shape - Thickness ratio = 0.12, XMAXY = 0.30

DOUBLET STRENGTH DISTRIBUTION
T(I) M(I)/2

0. 0082 0.0184
0.0325 0. 0438
0. 1029 0.0624
0.2125 0.0703
0. 3507 0.0671
0.5038 0. 0551
0.6570 0.0383
0.7951 0.0214
0.9048 0.0083
0.9752 0.0016
0.9994 0. 0000
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Sample problem 1: Ellipse - Thickness ratio = 0.1

DATA FILE: SHAPE.DAT

BODY SHAPE - UPPER SURFACE

X Y
0.0166 0.0128
0.0639 0. 0245
0.1539 0.0361
0.2778 0.0448
0.4234 0. 0494
0.5766 0.0494
0.7222 0. 0448
0. 8461 0.0361
0.9361 0.0245
0.9834 0.0128

Sample problem 2: Airfoil Shape - Thickness ratio = 0.12, XMAXY = 0.30

BODY SHAPE - UPPER SURFACE

X Y
0.0203 0.0219
0.0677 0.038" -
0.1577 0.0525
0. 2816 0. 0597
0.4272 0.0586
0.5804 0.0500
0.7260 0.0365
0. 8499 0.0216
0. 9400 0.0091
0.9873 0.0020
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Sample problem 1: Ellipse - Thickness ratio = 0.1

DATA FILE: PRESSURE. DAT

BODY SURFACE PRESSURE DISTRIBUTION

X cp
0. 0000 1. 0000
0.1111 -0.2621
0.2222  -0.2341
0.3333  -0.1866
0.4444  -0.2078
0.5556 -0.2078
0.6667 -0.1866
0.7778  =0.2341
0.8889 -0.2621
1. 0000 1. 0000

Sample problem 2: Airfoil Shape - Thickness ratio = 0.12, XMAXY = 0.30

BODY SURFACE PRESSURE DISTRIBUTION
X cp

. 0000 1. 0000
.1111  -0.3946
.2222 -0.3572
.3333 -0.3162
L4444 -0.2938
.5556 -0.1820
.6667 -0.1180
.7778 -0,2180
.8889  -0.2142
. 0000 1. 0000

POOOOOO0OO0OO
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PROGRAM DUBLET LISTING
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Introduction

The purpose of the PANEL program is to provide an analysis of the aerodvnamics of
NACA four-digit airfoils and airfoils of the NACA 230XX family using the panel
method. This program has been modified to accept arbitrary airfoil surface coordinate
input.

Assumptions and Limitations

This program is limited to single-element airfoils. The solution is determined for condi-
tions of incompressible and inviscid irrotational flow. Since we are considering an
inviscid fluid, the coefficient of drag provided in the results is for the induced drag com-
ponent only.

Input Description
As with the DUBLET program, there are very few input values required for this simple
program. Their description and program variable names are listed below.

NUPPER - Number of nodes on the upper surface.

NLOWER - Number of nodes on the lower surface.

X(D,Y(I) - Surface coordinates. These may be entered from the kevboard, from a data
file, or from data statements. The program is capable of generating an approximation
for airfoils of the NACA XXXX and 230XX series.

ALPHA - Angle of attack. (Angle between the chord and the freestream velocity.)

Input Restrictions

The program, as written, is limited to 100 total surface nodes. This may be modified by
changing the size of the arrays, however only a verv complex surface should require that
many values to accurately define the surface. If that is the case, a more sophisticated
program should be considered for the investigation. As mentioned above, the computer
generated approximations to airfoil shapes are limited to the NACA XXXX and 230XX
series. The program will accept values for ALPHA up to 90 degrees, but the user is
cautioned that since ser aration usually begins at about 10 to 15 degrees, results for val-
ues above 15 may be suspect.

Sample Problem

A few sample problems will illustrate the use of the PANEL program. The first run will
be done using an approximation to a NACA 0012 airfoil which is generated by the
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program using the information associated with each digit in the NACA number. The
second run will analvze a NASA LS(1)-0013 airfoil using a set of data statements con-
taining the airfoil surface coordinates. These statements must be inserted into the
proper location in the program prior to running it.

Starting the Program
Begin with the screen showing the DCL prompt, which looks like this.
S
Next, ensure that the program is in your directory by typing
DIR [Return]
and viewing the files for PANEL.EXE and PANEL.OBJ. If only the PANEL.FOR file
exists, you must compile the program by tvping,
FOR PANEL [Return]
The next step is to link the program by entering,
LINK PANEL [Return]
The files PANEL.EXE and PANEL.OBJ will now exist and you will be able to run the
program.

Running the Program
To run the program, type
PANEL [Return]
The program will start and the screen should look similar to what is shown in
Figure 20.

PROGRAM PANEL

SMITH-HESS (DOUGLAS) PANEL METHOD
FOR A SINGLE-ELEMENT LIFTING AIRFOIL
IN TWO-DIMENSIONAL INCOMPRESSIBLE FLOW

DO YOU WISH TO:
1) USE AIRFOIL SURFACE COORDINATE DATA VALUES.
2) HAVE COMPUTER GENERATE AN APPROXIMATION
FOR A NACA XXXX OR 230XX AIRFOIL SECTION.
3) QUIT THE PROGRANM.
ENTER 1, 2, OR 3

Figure 20.  Initial Screen for Program PANEL
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For the first case we will have the computer generate an approximation for the shape
of a NACA 0012 airfoil, consisting of 20 surface panels, using an algorithm contained
in subroutine NACAAJ35. The angle of attack of the onset flow will be six degrees. To
use the approximation method, enter

2 [Returnj
Respond to the request for the number of surface data points by entering

20 [Return]
Confirm the number of surface data points you desire by entering

1 [Return]
Although the program will allow a different number of upper and lower surface data
points, it is recommended that vou try and keep them equal. An unequal number of
nodes vields trailing-edge panels of unequal length, which lowers the accuracy of the
approximation to the Kutta condition. Respond to this question by entering

1 [Return]
The next question asks for the NACA number of the airfoil you are considering. For
this case we will look at the NACA 0012, so enter

0012 [Return]
The screen should now look like what is shown in Figure 21.

ENTER NUMBER OF SURFACE DATA POINTS DESIRED
20
NUMBER OF SURFACE DATA POINTS TO BE GENERATED = 20

IS THIS VALUE CORRECT? (YES=1, NO=2)
1

ARE THE NUMBER OF UPPER AND LOWER SURFACE
DATA POINTS(NODES) EQUAL? (YES=1, NO=2)
1

INPUT NACA NUMBER, ANY FOUR-DIGIT OR 230XX SERIES
0012

INPUT ALPKA IN DEGREES (ALPHA > 90 TO EXIT LOOP)

Figure 21.  Screen Showing Data for Computer Generated Airfoil
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The program is now ready to perform its calculations. The final piece of information
required is the angle of attack, ALPHA. By entering values of ALPHA that are less than
90 degrees, you may look at as many different angle of attack cases as vou desire. En-
tering a value for ALPHA that is greater than 90 degrees will cause the program to stop
the present airfoil analysis and provide vou with a choice of exiting the program or ex-
amining another airfoil. For this case, respond to the question by entering
6 [Return]

Following entry of the angle of attack, the program begins the solution process. Values
scroll up the screen and are simultaneously being written to the data files. When the
solution is complete vou should see the screen shown in Figure 22.

PROGRAM PANEL RESULTS HAVE BEEN WRITTEN TO FILES:

PBODY.DAT : BODY SURFACE COORDINATES
PPRES.DAT : SURFACE PRESSURE DISTRIBUTION

DO YOU WISH TO:
1) MAKE ANOTHER RUN OR
2) END THIS SESSION
ENTER 1 OR 2.

Figure 22.  Run Completion Screen

Say vou have finished your analvsis of the NACA 0012 at this point and you want to
examine another airfoil. Enter a value of ALPHA that is greater than 90 degrees, such
as

99 [Return]
A new screen will be presented and the program now asks if you want to make another
run. Enter

1 {Return]
This time the sample problem will examine a NASA LS§(1)-0013 whose coordinates have
been entered as data statements in the program. You should now be back at the initial
screen and it should look like Figure 20. Since you will be using actual airfoil coordinate

data values, enter
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1 [Return]
The screen shown in Figure 23 now presents you with the three choices available for
entering the airfoil surfice coordinate data values. You will be using the data state-
ments, so enter

3 [Return)

DO YOU WISH TO ENTER THE SURFACE COORDINATE VALUES:
1) FROM A DATA FILE.
2) FROM THE KEYBOARD.
3) USING DATA STATEMENTS ALREADY ENTERED
IN THE MAIN PROGRAM. ** NOTE #** THIS REQUIRES
THAT PROGRAM BE MODIFIED IN ADVANCE BY MOVING
DATA STATEMENTS TO THE CORRECT LOCATION.
ENTER 1, 2, OR 3. (FOR PREVIOUS MENU ENTER &)

Figure 23.  Menu for Surface Coordinate Data Entry Method

The number of data points has been entered via the data statements, therefore vou are
not asked that question for this case. For the angle of attack, again enter
6 [Return}
As vou saw in the previous example, values scroll up the screen. These solutions will
be appended to the solutions for the NACA 0012 airfoil. The data files are overwritten
only when a new session (from the DCL prompt) is started.
The program now asks if you want to make another run. The session is finished, so enter
2 [Return)
This completes the sample problems for the PANEL program. The data files created
by these sample runs and the listing for the PANEL program are on the following pages.
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SAMPLE PROBLEM OUTPUT DATA FILES

Sample problem 1: NACA 0012 Airfoil

DATA FILE: PBODY.DAT
BODY SHAPE
X Y
1. 0000 0. 0000
0.9755 -0.0034

0.9045 -0.0129
0.7939 -0.0261

0.6545  -0.0404
0.5000 -0.0526
0.3455 -0.0594
0.2061 -0.0577
0.0955  -0.0460
0.0245  -0.0259
0. 0000 0. 0000
0. 0245 0.0259
0.0955 0. 0460
0. 2061 0.0577
0. 3455 0.0594%
0. 5000 0. 0526
0.6545 0. 0404
0.7939 0.0261
0.9045 0.0129
0.9755 0.0034
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Sample problem 2:

BODY SHAPE

X

(=Y eNoNoloRoYolelelclolaloloeoRolaloRaNoRoRo ol oo Ny

. 0000
. 9000
. 8000
. 7000
. 6000
. 5000
. 4000
. 3000
. 2000
. 1000
.0753
. 0500
. 0247
. 0126
. 0000
. 0130
. 0250
. 0499
. 0750
. 1000
. 2000
. 3000
. 4000
. 5000
. 6000
. 7000
. 8000
. 9000

OCOO0OO0OO0OO0OO0O0OO0O0OO0O0OO

NASA LS(1)-0013 Airfoil

. 0000
.0116
. 0265
. 0420
. 0546
. 0621
. 0645
. 0632
. 0575
. 0454
. 0407
. 0346
. 0261
. 0194
. 0000
. 0189
. 0258
. 0347
. 0408
. 0454
. 0575
. 0631
. 0643
. 0620
. 0545
.0418
. 0264
. 0117
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Sample problem 1: NACA 0012 Airfoil

DATA FILE: PPRESS.DAT
ANGLE OF ATTACK IN DEGREES = 6. 000

PRESSURE DISTRIBUTION

X cp

0.9878 0.2339
0. 9400 0.1316
0.8492 0.0728
0.7242 0.0362
0.5773 0. 0155
0. 4227 0.0180
0.2758 0. 0680
0.1508 0.2129
0. 0600 0. 5547
0.0122 0.9318
0.0122 -2.4438
0.0600 -1.7390
0.1508 -1.1500
0.2758 -0.8021
0.4227 -0.5537
0.5773  -0.3638
0.7242  -0.2101
0.8492 -0.0717
0.9400 0.0706
0.9878 0.2339

CD = 0.00721 CL = 0.72235 CM =-0. 18377 CMC4 =-0.00398
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Sample problem 2: NASA LS(1)-0013 Airfoil

DATA FILE: PPRESS.DAT
ANGLE OF ATTACK IN DEGREES =

PRESSURE DISTRIBUTION

X cp

. 9500 0
. 8500 0
. 7500 0
.6500 -0
.5500 -0
.4500 -0
. 3500 0
. 2500 0
. 1500 0
. 0877 0
. 0627 0
. 0373 0
.0186 0
. 0063 0
.0065 -2,
-2

-1

-1

-1

-1

-0

-0

-0

-0

-0

-0

0

0

.
.

.

.0190
. 0375
. 0625
. 0875
. 1500
. 2500
. 3500
.4500
. 5500
. 6500
. 7500
. 8500
. 9500

[cReNoRoloNolo oo} ololollofo oloNelololleloloNolo oo o)

CD = 0.00324

1566
0713
0003

.0572
.0700
. 0332
. 0239
. 1047
. 2627
.3930
. 4956
.6714
. 8801
. 7672

2382

. 6638
. 9526
.5750
.3623
.0520
. 8380
.7090
. 6245
. 5094
. 3375
. 1369
. G365
. 1566

CL = 0.69366

6. 000

CM =-0. 16505
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PROGRAM PANEL LISTING

PROGRAM PANEL
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Introduction

The purpose of the VORLAT program is to provide an application of the vortex lattice
method for the determination of the lift distribution of a flat rectangular plate. This
method is based on a distribution of discrete horseshoe vortices over a wing surface that
has been divided into a finite number of panels. A system of linear equations is devel-
oped for the vortex strengths on the panels and solved by matrix methods.

Assumptions and Limitations

This program is limited to flat rectangular wings. The program divides the wing up into
panels using either a uniform grid or cosine spacing method. The cosine spacing algo-
rithm provides a finer grid near the wing tips where the pressure distribution over the
wing is rapidly changing. Both methods incorporate an enhancement whereby the pan-
els do not extend to the wing tips, but only to a distance of ;4 from the tips. The value
of é is the spanwise width of a wing panel.

The solution is determined for conditions of incompressible and inviscid irrotational
flow. Since we are considering an inviscid fluid, the coefficient of drag provided in the
results is for the induce-’ drag component only. This program is intended to be used for
the analysis of flat rectangular wings with low aspect ratio. High aspect ratio wings are
better analyzed using 2 method based on the lifting line theory.

Input Description
There are very few input values required for this simple program. Their description and
program variable names are listed below.

AR - Aspect ratio of the wing. (Span)2’Area
NX, NY - Number of vortices in the X and Y directions.
ALPHA - Angle of attack. (Angle between the chord and the freestream velocity.)

IOPT - Grid spacing option. Uniform grid or cosine spacing.

Input Restrictions

The program, as written, is limited to 350 total surface vortices. This may be modified
by changing the size of the arrays, however for the wings that this program was intended
to analyze, this should be sufficient. The program will accept values for ALPHA up to
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45 degrees, but, as noted previously with program PANEL, the user is cautioned that
values above 15 may be suspect.

Sample Problem

A sample problem will be used to illustrate the use of the VORLAT program. The run
will be done using a flat rectangular wing with an aspect ratio of 2. The lattice will be
created by placing three vortices on the wing in the X direction and § vortices on the
wing in the Y direction. The vortices will be distributed using the Uniform Grid spacing
option and the wing will be set at an angle of attack (alpha) of 6 degrees.

Starting the Program
Begin with the screen showing the DCL prompt, which looks like this.
$
\ext, ensure that the program is in vour directory by typing
DIR [Return]
and viewing the files for VORLAT.EXE and VORLAT.OBJ. If only the VORLAT.FOR
file exists, vou must compile the program by tyvping,
FOR VORLAT [Return]
The next step is to link the program by entering,
LINK VORLAT [Return]
The files VORLAT.EXE and VORLAT.OBJ will now exist and you will be able to run
the program.

Running the Program
To run the program, ty»e
VORLAT [Return]
The program will start and the screen should look similar to what is shown in
Figure 24
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PROGRAM VORLAT : VERSION 4 : 10 SEPTEMBER 88

VORTEX-LATTICE METHOD USED TO DETERMINE SPANWISE
LIFT DISTRIBUTION FOR A FLAT RECTANGULAR WING

ENTER THE ASPECT RATIO?

Figure 24.  Initial Screen for Program VORLAT

Respond to the request for the aspect ratio by entering
2 [Return)
Respond to the request for the number of vortices by entering
3,5 [Return}]
Now enter the angle of attack in degrees as
6 [Return]
Finally enter the grid spacing option.
1 [Return]
The screen is then clearec and you will be presented with what is shown in Figure 25

l
THE CURRENT VALUES ARE:

1) ASPECT RATIO . . . . . .. =
2) NUMBER OF VORTICES (NX,NY) =
3) ANGLE OF ATTACK (DEGREES) = 6.000000
4) GRID SPACING: (1) UNIFORM, (2) COSINE = 1

2. 000000
3 5

THE CALCULATED PARAMETERS ARE:

DELTA X = 0.3333333
DELTA Y = 0.1904762
NUMBER OF EQUATIONS TO SOLVE = 15

ARE THESE VALUES CORRECT? (YES=1, NO=2)

Figure 25.  Data Review/Correction Screen

If your display agrees with this, respond to the question by entering
1 [Return]




If you should desire to change any values, enter 2, and you will be asked which value
you want to correct and the new desired value. Following entry of the correct values
and a positive response, the program begins the solution process. It returns with the
coefficients of lift and drag at the indicated spanwise positions, as well as the chordwise
center of pressure for those positions. Overall values for the coefficients of lift, drag,
induced drag and moment about the leading edge are calculated and then printed out
near the bottom of the screen. Don’t worry if you miss some of the values as they scroil
up on the screen. All the values are printed to both the screen and to the data file.
The program now asks if you want to make another run. Enter

1 [Return)
You should now be back at the data review/correction screen and it should look like
Figure 25. Now run the same wing, but use the cosine grid spacing. Enter

2 [Return]
You want to change the grid spacing, so enter

4 [Return]
The screen is automatically updated and vou will see that the grid spacing has been
changed for you also. Since there are only two grid spacings available, the program
“knows” to chose the other and this saves vou the extra step of having to enter it. N\ot
exactly artificial intelligence, but it helps. You are again asked if the data is correct.
As in the previous example, responding with a (1) causes the program to proceed to the
output stage. The solution will be printed to the screen and appended to the data file
which contains the data from the prior run.
The program now asks if you want to make another run. The session is finished, so enter

2 [Return]
This completes the sample problem for the VORLAT program. The data file created
by this sample run and the listing for the VORLAT program are on the following pages.
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SAMPLE PROBLEM OUTPUT DATA FILES

%% UNIFORM GRID SPACING **

NX=

Y

0.095
0. 286
0.476
0.667
0.857

CL =
Ch =

CD/CL2
CMLE =
XCP =

ASPECT RATIO = 2.00 ANGLE OF ATTACK = 6.00

3 NY= 5
CL(Y) CD(Y)

0.32140 0.01232
0.31085 0.01213
0.28791 0.01166
0.24778 0.01068
0.17711  0.00839
0.25620
0.0105093

= 0.1601
~0. 055004
0. 21469

*¥ COSINE GRID SPACING **

XCP(Y)

0. 22266
0.22061
0.21614
0. 20843
0. 19624

NX= 3 NY= 5 ASPECT RATIO = 2.00 ANGLE OF ATTACK = 6.00

Y CL(Y) CD(Y) XCP(Y)
0.045 0.32155 0.01223  0.22403
0.210 0.31734 0.01220 0.22325
0.476 0.29243 0.01176 0.21844
0.742 0.23258 0.01038 0.20690
0.907 0.14330 0.00733 0. 19607
CL = 0. 25927
Ch = 0.0106156
CDh/CL2 = 0. 1579
CMLE = -0.036232
XCP = 0. 21688

Co: 1 . .. .
NOTE: CD/CL2 = T “ AR Used to compare results to those for elliptic loading.
L




PROGRAM VORLAT LISTING
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Introduction

The purpose of this manual is to permit the user to utilize the JETFLAP program very
quickly and easily while requiring little understanding of the underlying EVD theory.
The program JETFLAP can be run as a stand alone program if the user wants to de-
velop the JETFLAP input data file manually, but this is not recommended. The lavout
of the data is not intuitive and its formatting is critical. For this reason, the program
JETFLAPIN has been created to assist the user in creating the JETFLAP input data file
through an interactive terminal session.

This interactive program is a user-friendly way of creating the input data file required
by the wing analysis program JETFLAP. When executed, JETFLAPIN asks questions
of the user in order to construct and write to a file the required JETFLAP input data file.

The following manual contains an explanation of the required input data. The reader
will find a parallel explanation, with minor modifications, in References 7 and 8. Some
parts of these sources have been duplicated in total since they required no comment and
were relevant to the present explanation. References to input data cards have been
changed to data file lines. In the interest of space, some sections were not included, but
the interested reader may find them helpful.

Three sample data input files and their associated output files are included at the end
of this appendix. The file VOYTEST.DAT contains information approximating the
VOYAGER wing planform. TAPLER.DAT illustrates the use of the trapezoidal
planform simplification and a semi-circle spacing scheme. The wing is swept 435 degrees,
has an aspect ratio of 8.0 and a taper ratio of 0.45. The DOUGLAS.DAT data file is
contained in Ref. 7 and was also located at the end of the magnetic tape following the
program JETFLAP. It has been used as a program validation test case by comparing
the present results with those of Refs. 7 and 8. This file contains information for a
simple rectangular jet-flapped wing and three fundamental cases. The stability derivative
flag has also been set.

Assumptions and Limitations

Before using this program, the user should be aware of the assumptions used in devel-
oping the EVD method and the resulting danger of extending the theory bevond its
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limits. The assumptions are explained in the section on theory contained in References

7 and 8. but thev are summarized below.

1.

Linearity - This assumption allows the superposition of fundamental geometric
cases or solutions but also limits, as an example, the total deflection of flow by
flaps. Reference 7 states that the small angle assumptions of the linearized ap-
proach make it unlikely that the program would accurately predict the character-
istics of a wing with a flap deflected at 60 degrees.

Thin Wing Approximation - Enabling the simplified treatment of wing sections by
transferring boundary conditions to the chordline, this assumption limits the accu-
racy of the program in modciing thick wings.

Inviscid Flow - Because of its inability to predict separated flow, the computed lift
may be unrealistically large for a wing at high angle of attack or with a sizeable flap
deflection. Also, the program cannot consider parasitic drag.

Incompressibility - This assumption limits the range of speeds for which the pro-
gram can be used to that in the low subsonic range. The Prandtl-Glauert rule can
be applied to cases where subsonic Mach number effects become important (Ref.
3) and. in fact, has been included in a later version of this EVD program.

Irrotationality - The irrotationality assumption usually imposes no additional limi-
tatton in low-speed external acrodynamics where the flow can be considered
irrotational.

Interference Effects - No allowance is made for mutual interference effects between
the wing and pylons. nacelles or fuselage. Ground eflect is also neglected.

Wing Area Variation - Although multiple-flapped wings may be modeled, no al-
lowance is made for the increased wing area due to flap extension. An exampile is
a Fowler Flap. If the configuration of concern is such a case. a modification of the
original wing planform area input value would have to be made.

Trailing Edge Jet Sheet - The program only allows the jet sheet to emanate from
the wing trailing edge. Therefore, doubtful results will be obtained on augmentor-
type flaps, slots and externally blown flap systems.

Computer Run Time - An increase in the number of elements used to model the
wing planform will increase accuracy. However, according to Reference 7 the time
to compute increases proportionally between the square and the cube of the num-
ber of elements used. On the MicroVAX 2000, a run using 112 elements
(VOYAGR.DAT, no jets, two fundamental cases) took 137 seconds to run, while
a wing with 37 elements (DOUGLAS.DAT, 21 wing’16 jet elements, three cases
and stability derivatives) required only 91 seconds. These times may be further
shortened by sending the output to a file vice the screen. In the case of the
VOYAGR.DAT run, the time was cut by more than haif to a mere 59 seconds.

Data Preparation Requirements

Prior to using the JETFLAPIN and JETFLAP programs, the user must accomplish the
following:

1.

Draw a scaled plan view of the wing and, if present, the jets.

74




t

Divide this planform into spanwise sections parallel to the freestream velocity. A
maximum of 40 is pernutted.

3. Divide cach section into rectangular base elements. These elements, literally, are
the bases of the EVD elements [Ref. 8: p. 33] which, in turn, are the "building
blocks” of the program operation. Each row can be divided into a maximum of 40
base elements, 20 on the wing and 20 on the jet. However, the maximum number
of these elements may not exceed 600.

4. Using a logical scheme, translate the arrangement of these elements and the de-
flections of the EVD's into a format usable by the program.

5. Refer to the section on the Formulation of the Input Data for a suggested method
of approaching the problem of data determination.

Input Description

A brief description of each piece of input information required is provided during exe-
cution of the JETFLAPIN program, howcver for the benefit of the user they are re-
pecated and expanded upon here.

e Title Line - This card provides any desired description of the computer run. The
title will be printed at the top of the first page of output. A maximum of 80 char-
acters may be input.

¢ General Planform Parameter Line - This line contains basic pianform information.

AREA  Wing area, in units of (SPAN) to be used for normalization of the
aerodvnamic coeflicients. Must be in the same units as SPAN, ie., if
span is in feet, the area should be in ft2.

SPAN  Wing span, in any desired length units.

CREF  Wing reference chord, to be used for normalizing various aerodvnamic
coellicients. It may be any chord length and must be in the same units
as SPAN. If a value of 0.0 is input, the mean aerodynamic chord,
CMAC. which is computed automatically, will be used.

XMC Pitching moment center. Point about which pitching moments will be
taken, measured from the wing apex. Same units as span. NOTE: The
wing apex is defined by the program, implicitly, as the intersection of the
x-axis with the leading edge when the wing is oriented without a sideslip.
If the wing should be input in a vaw, the apex remains at that point.

XCG Wing Center of Gravity. Measured from the apex, this point is used as
a pitching axis for computation of stability derivatives, XCG need only
be input if IDERIV # 0. Same units as SPAN.

¢ General Control Line - This line contains control “flags” which describe the basic
characteristics of the computer run.

NROWS Number of spanwise sections (rows) into which the wing is divided. For
svmmetric or anti-symmetric wings, only the number of sections on the
right half of the wing should be input. For non-symmetric wings,
NROWS equals the total number of spanwise rows from wing tip to
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wing tip. Sec [Ref. 8: pp. 79-81] for a discussion on symmetric versus
non-symmetric wings.

NCASES Total Number of Fundamental Cases. There will always be one funda-
mental case, that being a flat plate at one degree angle of attack. No
input data is required for that case and it will be labeled by the program
a Case 1. Therefore. NCASES must be one greater than the number of
cases for which input data will be given (data lines 12 and 13), to allow
for the angle of attack case.

ISYMM Symmetry Indicator.
« =0, Wing is symmetric
» > 0, Wing is non-symmetric
s < 0, Wing is anti-symmetric
IPRINT Printed Output Control Flag.
» > |, Print geometry details and total aerodvnamic coeflicients,
¢ = 1, In addition, print spanwise loading,
» =0, In addition, print chordwise loading,

* < 0, In addition, print all matrices. back substitution checks and
other details. This option is normally reserved for trouble-shooting,
since it produces a very large amount of output.

JETFLG Jet Indicator Flag. A flag used for signaling if there is a jet issuing from
the trailing edge of the wing.

» =0, There is a jet sheet and jet data will be input.
» =1, There is no jet sheet.
IGTYPE Wing Planform Geometry Flag.

« =1, Wing planform is completely arbitrary and sectional leading and
trailing edge coordinates will be read to define the planform.

» = 2, Wing is trapczoidal and simplified planform data will be input.
This type of input can only be used if the wing is symmetric. NOTE:
Although a triangular shaped wing might be thought of as a degen-
erative trapezoid, this input cannot be used for a delta planform.

HINGE Hinge EVD Flag.
= =0, Regular EVD’s will be used on ali hinge elements.

e« > 0, Hinge EVD’s will be used on all hinge elements. Not permitted
if computing dynamic stability derivatives, i.e., IDERIV > 0.

IDERIV Dynamic Stability Derivative Flag.
= =0, Basic run will be executed with no stability derivatives computed.

* >0, In addition, a dynamic stability derivative run will be executed.
This option requires the program to make an additional run, ap-
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proximately doubling the computer time. NOTE: The derivative run
also reduces to 8§ the maximum number of optional fundamental cases
permitted, since an extra fundamental case is generated by the pro-
gram to be used during derivative calculations.

o Section Centerline Location Lines - These lines contain the spanwise locations of

the centerline of each wing (and jet) section. JETFLAPIN will will place up to
eight values on each line, with a maximum of § lines (40 sections) allowed.

Y Spanwise distance from wing centerline (X-axis) to the section centerline,
normalized by SPAN,2. All values must satisfy (-1.0 < Y < 1.0).
NROWS (number of row sections) values must be input, beginning at
the right wing tip and working to the wing centerline for symmetric or
anti-svmmetric wings, or to the left wing tip for non-symmetric wings.

Wing Section Type Line - This card indicates the chordwise arrangement of EVD
elements for each section on the wing. The section type is determined by the
number and spacing of the elements within each section.

ICTYPE Type Number of Each Wing Section. Any sections having the same
number of elements, all with the same distance from the section leading
edge (normalized by the xectional chord) are of the same ICTYPE. A
maximum of ten different types is allowed. The section at the right wing
tip is designated ICTYPE 01, Each new type receives a sequentially
higher ICTYPE. The highest ICTYPE is referred to by the program as
NWTYPE. NROWS values must be input, therefore, each section must
be "tvped”.

Number of Chordwise Wing Elements Line - This line contains the number of
chordwise EVD elements for each wing section type (ICTYPE).

NI Number of Chordwise Elements per ICTYPE. Enter, in ascending order
by ICTYPE, the number of elements within that ICTYPE. There may
be as few as two or as many as twenty elements per section type.
NWTYPE (the number of different section types) values are required.

Wing Chordwise Element Coordinates - These lines contain the x.c coordinates of
each EVD element for each ICTYPE.

XBW The chordwise coordinate of each EVD vortex point, measured from the
leading edge of the section, normalized by the sectional chord. The first
XBW of each set must be 0.0 and the last, less than 1.0. There may be
as few as two or as many as twenty values per section type. NWTYPE
(the number of different section types) sets of values are required.
NOTE: Reference 7, Vol. Il refers to these coordinates as XB. The "W~
was added in reference 8 to be consistent with the nomenclature of the
program listing and also to differentiate between hinge point coord.,
XBH, and XBJ, the coords. of elements on the jet sheet portion of the
section.

Planform Information Lines - There are two types of input lines used to define wing
planform. Line 8a is used for arbitrary wing planforms (IGTYPE=1). Line 8b is
used for trapezoidal wing planforms (IGTYPE=2). The program JETFLAPIN
will choose the correct form based on the value of IGTYPE.
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¢ Leading and Trailing Edge Coordinates - In order to define an arbitrarv planform,
the leading and trailing edges for each section must be defined. All section coor-
dinates need not be input, however. The program must have the tip and root co-
ordinates, as a minimum, and any other section’s which would define a break in the
edge. The program will assume a straight edge exists between coordinates input,
and will interpolate between them. A minimum of two sets of coordinates and a
maximum of NROWS is required.

Y Spanwise distance from a section centerline to the centerline of the wing,
normalized by the half span. Each value must be exactly the same as
those input for the section centerline location lines. JETFLAPIN auto-
matically uses the previously input values.

XLEAD Leading Edge Coordinate. Input the chordwise distance from the section
leading edge, at the section centerline, to the wing apex. Same units as
SPAY, i.e.,, not normalized by the chord.

XTRAIL Trailing Edge Coordinate. Input the chordwise distance {rom the section
trailing edge, at the section centerline, to the wing apex. Same units as
SPAXN.

9 A "9” must appear in column one of the next line after the last edge co-
ordinate in order to signal that all desired sections have been input. This
is required only if IGTYPE=1 and is handled automaticaily by
JETFLAPIN.

® Trapezoidal Wing Parameters - This line contains planform information for the
trapezoidal wing. It is used when IGTYPE=2. This type of input may be used
only when the wing planform is symmetric.

ARATIO Wing Aspect Ratio. Input the value of (SPAN)'AREA. JETFLAPIN
automatically calculates this value from previously supplied information.

SWEEP Sweep angle of the Quarter-Chord Line. Input the angle in degrees.

TR Taper Riitio. TR is defined as the chord at the wing tip divided by the
chord at the wing root.

o Jet Section Type Line - This line indicates the chordwise arrangement of EVD ele-
ments for each section on the jet sheet. The jet sheet uses the same sectional
boundaries as the conventional wing sections forward of it. This line is required
onlv if JETFLG=0.

IJTYPE Type Number of Each Jet Section. Input the type number of each sec-
tion of the wing with respect to the presence of a jet sheet aft of it. Since
there is no requirement that the jet sheet span the entire wing, sections
without a jet are designated with a "0”. Similar to line 5, the wing section
type line, as each section within the jet sheet is encountered, it either re-
ceives a sequentially higher IJTYPE of the same IJTYPE as a previously
labeled equivalent section. The number of different jet section types is
NJTYPE. The zeroes do not count as IJTYPE's for the purpose of
summing types to find NJTYPE. The number of non-zero values input
is NROWSJ, the number of sections having a jet. The maximum num-
ber of jet section types is 10. Implied also is that NJTYPE must be less
than, or equal to, NROWSJ. NROWS values are required.
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NOTE: Due to a computational procedure, there must be at least three
adjacent jet sections if there is one. Also, inboard or outboard of a
partial span jet sheet, a group of at least three unblown sections must
exist.

Number of Chordwise Jet Elements - This line contains the number of chordwise
EVD elements for each jet section type. It is similar to line 6, number of chordwise
wing elements per section type, except that NJTYPE values must be input. Re-
quired only if JETFLG=0.

NI Number of Chordwise EVD Elements for Each Jet Section Type. Enter,
in ascending order by IJTYPE, the number of elements within that
IJTYPE. There may be as few as two or as many as ten elements for
each jet section type. NJTYPE (the number of different jet section
tvpes) values are required.

Jet Chordwise Element Coordinates - These lines contain the x/c coordinates of each
element of each jet section type. NJTYPE sets lines are required, each with NI
values of x. ¢. These values are required only if JETFLG=0.

XBJ Chordwise Coordinate of Each per IITYPE. The chordwise coordinate
of each EVD vortex point, measured from the leading edge of the sec-
tion (at centerline) and normalized by the sectional chord. Thefirst value
for XBW of each set must be 1.0 (trailing edge). The last two base ele-
ments in the jet section are overlapped by the Far-Jet (or Jet, or Infinity)
EVD which has a length of 10, approximating infinity. Therefore, there
is no proactical maximum coordinate for elements within the jet. There
may be as few as two or as many as ten values per jet section tvpe.
NJTYPE (the number of different jet section types) lines of values are
required.

Fundamental Case Control Line - This line identifies the types of linear geometric
variations to be included in each fundamental case. The number of fundamental
cases input must be one less than NCASES (line 3), to allow for the angel of attack
case. A separate line is required for each of the input cases. In each of the flags
below, a zero value indicates omission of the respective type of input for that fun-
damental case. A non-zero value indicates that the variation will be included and
input must be given to define it. JETFLAPIN sets the non-zero value to corre-
spond with the number of the fundamental case, i.e., for fundamental case number
two, variations to be included will be indicated with a “2”. For each variation se-
lected, a corresponding line will follow containing the information defining that
variation. NOTE: Refs.7 and 8§ use the same names shown below, however, in the
program listing fo- JETFLAP under subroutine INCASE they are refered to re-
spectively as INPUTT, INPUTH, INPUTD, INPUTC, and INPUTB.

INTWST Spanswise twist distribution flag.
INHITE Leading ;:dge vertical displacement flag.
INDELJ Jet deflection flag.

INCAMB Camber flag.

INBETA Wing hinge deflection flag.
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¢ Fundamental Geometric Variation Lines - These lines are input only in the appro-
priate flags in the fundamental case control line has been set to a non-zero value.

TWIST Scctional Wing Twist. Enter the wing twist, in degrees, at the section
centerline, with respect to the wing reference plane. Positive values are
in the same sense as a positive angle of attack (leading edge up).
NROWS values are required. Required only it INTWST # 0.

HO Displacement coordinate of the section leading edge from the wing ref-
erence plane, normalized by the sectional chord. Leading edge displace-
ment may be the result of dihedral, twist, nonlinear movement of a
leading edge device, etc. Translation resulting from ordinarv linear
leading and trailing flap deflections and angle of attack are accounted for
automatically by the program. These values are used only for the
computaion of the jet thrust contribution to pitching moments and
therefore will have no effect unless jet sheets exist. NROWS values are
required. Required only it INHITE # 0.

DJ Jet Turning Angle. The jet turning angle, in degrees, relative to the
trailing edge. Positive deflection is downward. NOTE: JETFLAPIN
requires that the values are input in the order that they are encountered
within the jet sheet, working from the right wing tip towards the
centerline. NROWSJ values are required. Required only it INDELJ #
0.

ICT Camber Type Number for Each Wing Section. These values are similar
to the wing section type values on line 5. In order for two sections to
have the same ICT, the number of elements, their x'c, and the camber
angle associated with them must be the same. NROWS must be input
with a maximum of 10 ICT’s allowed. The highest value is NCT and
there may be no “gaps” in the numbering sequence. A zero value indi-
cates no camber. Required only it INCAMB # 0.

AC Camber Angle. The camber angle, in degrees, at eh downwash control
point of each EVD. The downwash control point is defined as a point
chosen halfway between adjacent XBW's (line 7) including the trailing
edge. The angle wi' be positive in the same sense as positive angle of
attack. NCT lines are required. Required only it INCAMB # 0.

ACTE  Trailing Edge Camber Angle. This is the trailing edge deflection angle
due to camber only. The values are used for determining the angle at
which the jet sheet issues from the wing. These cards are, therefore, only
necessary if there is camber (INCAMB # 0) and if there is a jet sheet
(JETFLG # 0). NROWSJ values are required.

IHT Hinge Section Type. Similar in concept to Wing Type (ICTYPE) and
Camber Type (1CT); starting with the first section, designate the type
of section with respect to hinges in the section. A section with no hinges
will be "0”. For sections to have the same IHT they must be alike in
their number of hinges, not to exceed four, location of hinges (x’c), their
type (leading or trailing edge flap) and in all deflections. There may be
as many different IHT's as there are sections. The number of different
IHT's is called NHT, and there may be no "gaps” in the sequence. ‘
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XBH

ILT

BETA

NROWS values are required. therefore every section must be “tvped”.
Required only it INBETA # 0.

Hinge Point Distance. The distance from the leading edge of the section
to the hinge point, i.e., where the hinge line intersects the section
centerline. the distance is normalized by the sectional chord and must
be one of the XBW values entered on line 7. A set of values is required
for each hinge section type; NHT sets.

Leading or Trailing Edge Indicator.

« =0, Trailing edge flap hinge (positive deflection in the sense of posi-
tive angle of attack).

s # 0, Leading edge flap hinge (positive deflection in the sense of neg-
ative angle of attack).

Hinge Deflection Angle. The deflection angle, in degrees, of the element
aft of the hinge point relative to the element forward of the hinge point.

Composite Case Lines - Thesc lines indicate how the fundamental cases that are
input on lines 12 and 13 are to be combined to form or model the wing under study.
A maximum of 24 composite cases are permitted. No composite case may also be
chosen and JETFLAPIN will automatically place a “9” in the first column of this

line.
N

Fundamental Cases to be Included. Indicate the fundamental case
number which is to be included in forming a given composite case. As
many as ten fundamental cases may be combined in any one composite
case. The fundamental cases are identified in the order in which they
were input. NOTE: Recall that fundamental case number 1 is the one
degrec angle of attack case.

Multiplicative Factor. This factor multiplies the fundamental case pre-
viously input. Had the fundamental case included a hinge deflection of
10 dcgrees, a value of A = 1.6 would introduce a flap deflection of 16
degrees into that particulat composite case.

End of Composite Cases. This value is placed at the end of the last
composite case or by itself to indicate the completion of composite case
information or that no composite cases are desired, respectively. NOTE:
This "9” card 1s not conditional, it will be in every run.

Jet Strength Line(s) - These lines contain the jet strength for all sections which
have a jet. An unlimited number of sets of values, maximum of 40 per set, may
be entered. NROWSJ values are required. Required only it JETFLG = 0.

CMU

Sectional Jet Momentum Strength for each jet row. CMU is defined as
CMU = J.(qc(y)), where J is the sectional jet momentum per unit span,
q is the dynamic pressure, and c(y) is the sectional chord. Since the data
refers to only sections with jets, 0.0 may not be input unless all are 0.0.
As many sets of CMU data may be input as desired. To run a case on
a jet-flapped wing to examine the characteristics without the jet, a set
of values all equal to zero must be entered. This option generates a
complete set of loadings and other aerodynamic coeflicients for each set
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of g.\dl,' data input. (0.0 < CMU < 800.0) Required only it JETFLG

A 9" is placed in column one of the line following all CMU data to
signal the end of CMU input. Handled automatically by JETFLAPIN.

82




Input Restrictions

A summary of the input restrictions described in References 7 and 8 is listed below.

These have been incorporated into the error-checking and screen messages provided in

the JETFLADPIN progr-m and are repeated here as a quick reference during data prep-

aration.

1.

o

N

A “Rule of Three” is implied with regard to dividing the wing (and jet sheet) into
sections. At least three adjacent sections of either blown or unblown types are re-
quired. A jet cannot consist of one or two sections. Likewise, if the region of jet
sheet is partial span and located so that it is bordered on both inboard and out-
board sides by conventional (unblown) wing, those unblown portions of the wing
must also have three adjacent sections each.

The number of spanwise sections, NROWS, requires 3 < NROWS < 40.

1 < NCASES < 10. There is always one Fundamental Case generated by the pro-
gram. N\ine others may be input.

The number of chordwise elements in the wing part of a section, NI, requires
2< NI <20

The number of chordwise elements in the jet part of a section, NI, requires
2< NI <20.

Maximum of 10 section types for the wing or the jet. (ICTYPE, UTYPE <£10).
On the wing. 0.0 < XBW < 1.0.
On the jet, 1.0 < XBJ.

Only NROWSJ, the number of rows with jets, values required for DJ, ACTE, and
CMU.

10. Maximum number of camber section types is 10.

11. There may be as many hinge section types, NHT, as there are rows (or sections).

(1< NHT £ NROWS)

12. Each section may have four hinges in any combination of leading and trailing edge

flaps.

13. The jet blowing coefficient, CMLU, is restricted to, 0.0 < CMU < 800.0.

Formulation of the Input Data

The most difficult and time-consuming part of the wing analysis using the JETFLAP and

JETFLAPIN programs is the decomposition of the wing into elements and obtaining the

coordinates of those elements. There is hope that follow-on work will be conducted to
integrate the sophisticated graphics capabilities of the MicroVAX/2000 with the data
input portion of the JETFLAP program, however, for the present, the following me-

thodical approach to the problem is recommended.
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A table such as that shown in Ref. 8, p. 117, will help the user organize the required

data. Starting at the beginning of the problem, the user is urged to follow the steps be-

low:

1.

Make or obtain a scaled drawing of the wing with all flaps and other details drawn
on the planform. The scaling is often important in obtaining geometrical data that
1s often not presented exphcxth

If possible, create equations for the leading and trailing edges. For example, if the
edge is a straight line, substitute tip and root dimensions into the Two-Point Form
of the equation fo a straight line. Such an equation will facilitate the finding of
leading trailing edge coordinates once spanwise section centerline coordinates have
been established.

Draw in spanwise sections taking into account obvious areas of rapidly changing
loading (wing tips, near flaps) and rapid changes in sectional chord. It is important
to define sections near breaks in the wing, such as leading edge extensions. other-
wise the program, seeing only the wing edge coordinates, might read that portion
of the leading cdge as a relatively flat segment of a multisegment tapered wing.

Make two columns, entering sections, starting with 1 at the wing up, in column one
and the section centerline coordinates (normalized by the semi-span) in column
two.

Draw in chordwise elements for each section. It is more expedient to strive for the
same distribution on each section, if possible, unless camber discontinuities (flaps,
rapid changes in mean camber ine slope) dictate otherwise.

Enter the coordinates of the vortex points, normalized by the sectional chord, on
each line next ot the appropriate section. NOTE. One of these coordinates must
coincide with the point where the section centerline intersects a flap hinge line, if
included. Circle or otherwise mark such coordinates for future identification.

Proceeding down the rows of coordinates, any two rows with a different number
of values or difTerent values. are of different section types. In ascending order, label
in another column each row with its type. The maximum number of types is 10
and the highest type defined is called NWTYPE.

At the end of each row write the total number of chordwise elements in that row.
Circle the numbers that correspond with different types.

In another column, list leading and trailing edge coordinates by substituting (Y)
values into the leading and trailing edge equations, if available. NOTE. Only those
edge coordinates which mark wing root, tip and breaks need be calculated, if the
edges are straight line segments.

10. Looking back over the completed table, the data for several of the input data file

lines are readily available. Column numbers refer to columns in Table 1.
a. Col. 2 is line 4.

b. Col. 3 is line §.

Cols. 4-12 contain data for line(s) 7.

. Col. 13 (circled entries) is line 6.

a 0
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e. Cols. 2, 14, and 135, in that order constitute line 8a.

In addition, the last row number in Col. 1 is NROWS (Cols. 1-2 on line 3). The
total of Col. 13 entries is the total number of EVD’s, which is limited to 600. More de-
tails may be found in Ref. §.

Sample Problem

A sample session will illustrate the use of the JETFLAP and JETFLAPIN programs.
The run can be accomplished using one of the sample data output files provided at the
end of this appendix. It is recommended that one of the simpler data files, such as
TAPER.DAT or VOYAGR.DAT, be used to respond to the questions asked by the
JETFLAPIN program. This method will allow the user to try out the program and get
familiar with the questions asked, prior to going through the effort involved in formu-
lating the data for a new problem.

Starting the Program
Begin with the screen showing the DCL prompt, which looks like this.
) :
Next, ensure that the program is in vour directory by tyvping
DIR [Return]
and viewing the files for JETFLAP.EXE, JETFLAP.OBJ., JETFLAPIN.EXE and
JETFLAPIN.OBJ.

If only the JETFLAP.FOR and JETFLAPIN.FOR files exist, you must compile the
programs by typing,

FOR JETFLAP [Return] , and if necessary,

FOR JETFLAPIN [Return]
The next step is to link the programs by entering,

LINK JETFLAP [Return] , and again if necessary,

LINK JETFLAPIN [Return]
The files JETFLAP.EXE, JETFLAP.OBJ., JETFLAPIN.EXE and JETFLAPIN.OBJ
will now exist and you will be able to run the programs.
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Running the Program
To run the program, type
JETFLAPIN [Return]

The program will start and the screen will display the header for the interactive program.
Using one of the sample data files for the correct values and this appendix to assist vou
with the terminology, answer each question presented. As you proceed through the
JETFLAPIN program, opportunities to review and change input data will be presented.
Should it become necessary to change vour input data after completing the JETFLAPIN
program, you can simply edit the created data file using the VAX EDT editor.

After the JETFLAPIN input program has been run to completion, the file will vou cre-
ated will exist on your directory with the file extension .DAT. This file should be re-
viewed and compared with the sample file used as a reference. If evervthing is in order,
vou should run vour data file through the JETFLAP wing analysis program.

The JETFLAP wing analysis program will ask vou for the file name of the input data
file. It is not necessary to enter the file extension .DAT, but you may do so without anv
ill effects. The program then asks if you wish to have the output sent to the screen or
to a file. If you send the data to a file, the program runs faster and you will have the
opportunity to review and print out the data. Sending the data to the screen is a quick
way to see if the program is executing properly, but there is no permanent record of the
run. At this time, the program is not able to print to both the screen and a file. The
program is finished whe the DCL (S) prompt returns to the screen.

Several sample input data files, the results of those files after being run through

JETFLAP and the listings for the JETFLAP and JETFLAPIN programs are on the
following pages.
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JETFLAP INPUT DATA FILE VOYTEST.DAT

THIS IS A TEST OF THE INPUT PROGRAM JT77IN USING VOYAGER DATA
59040. 0000 1332. 0000
16 2001100

0.998498
0. 400901
11111
7

. 000000
. 998498
. 989489
. 959459
.891892
. 792793
. 684685
.576577
. 468468
. 400901
.373874
. 355856
. 346847
. 324324
. 261261
. 162162
. 054054

QOO0 COO0OOOO0O0OCOO0O0

9
00020

0.
0.

989489
373874

11111

OCOO0OOOQOOCONHFFO®

. 074100
. 000000
. 900000
. 200000
. 000000
. 300000
. 300000
. 500000
. 300000
. 800000
. 400000
. 100000
. 000000
. 000000
. 000000
. 000000
. 000000

1111111111
-12. 355000 -9. 560000

9
9

0. 0000

0.959459
0. 355856
111111

0.222200
36.099998
36. 400002
37.200001
39.099998
41.900002
44.900002
47.900002
51.000000
52.599998
53. 400002
53.799999
54.000000
54. 000000
54.000000
54. 000000
54. 000000

111111
-4. 895000

13. 5000 0. 0000

0.891892 0.792793 0.684685 0.576577 0.468468
0.346847 0.324324 0.261261 0.162162 0.054054

0.370400 0.592600 0.740700 O0.888900

0.764000 5.042000 7.969000 5.412000
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ORIGINAL JETFLAP INPUT DATA FILE VOYAGR.DAT (S. M. WHITE)

VOYAGER WING FLAT PLATE AND CAMBERED CASES; 16X7 = 112 ELEMENTS

59040.0 1332.0
1601000001010000
. 998498  .989489
.400901 .373874

07

0.0 .0741
.998498 13.0
.989489 11.9
. 959459 11.2
.891892 10.0
. 792793
. 684685
.576577
. 468468
. 400901
.373874
. 355856
. 346847
. 324324
.261261
. 162162
. 054054
9
00000005

N i e i A i
COOCOOrFBLLLW

01010101010101010101010101010101
-4.899

=12.355 -9.560
9

0.0

. 959459
. 355856
01010101010101010101010101010101

. 2222
36.

COOCOOCRPROWVODEN -

. 891892
. 346847

0.764
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PROGRAM OUTPUT DATA FOR VOYTEST.DAT

® EVD JET - WING COMPUTER PROGRAM »
000000000 00000500 000008

VOYAGER WING FLAT PLATE AND CAMBERED CASES: 16X7 = 112 ELEMENTS

USE INPUT
AREA = 0.123106 590¢0.
SPaN s 2. 0%¢ 1282.000
CREF = 0.069765 0.
- XMC s 0.030370 15.
CMaC = 0.069765 %$.6034
ARATIO s 50.051234 $0.08122
XCG = 0. 0.000000
NROWS = ] 16
NCASES = 1
ISYMM = 0
IPRINT s 0
JETFLG = 1
IGTYPE = 1
THINGE = ¢ 0

NUMBER OF WING ELMNTS = 112
NUMBER OF JET ELEME| s 0

TOTAL NUMBER OF ELEMENTS a 312
WRRABBAPRNBARPEARAET AR IR AR ERARENERFRRRNA AR UN
» ELEMENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE t «

L R L L e T L e e e e e T e N DL LA P Y L gl ]

wnun SECTION | wem v & 0.9‘84'8 DELYA = (.001502 XLE&-D = L019520 XTRAIL s  0.054206 CMORD = 0.03468%
WING ELEMENTS NW = 7 TWIST = 0.0 00G0 H ¢.000000 THETA $ = 0.000000
XB .000000 0761 et daied .370600 .892600 L7640700 .888900
XI 019528 .02:0“0 02728 032307 .040074 .045210 .053I81
DEL .074100 .1«8308 16820 cacecCO .168100 .148200 111100
EPS .0C00CH .000020 .00000 .00G000 .000060 .600900 .000900
BETA .920000 .009000 . 00300 ,830000 .000000 ,000000 800000
YVPE 20 0 0 [ 0 0 0
YH!" ROW HAS NO JET 3
swm SECTION 2 waw v = 0.989¢89 DELTA = 0.007507 XLEAD .017868 XTRAIL = 0.054655 CHORD = 0.036787
WING ELEHENTS Nu =2 7 TWIST = 0.000003 HL =  0.000000 HETA S 0.0000
X8 .090000 .074100 rcon200 .27049 .50260 .748700 .888208
X1 .c178¢68 .8205% .0e04 .031696 059658 .045116 050566
DEL .074300 .164810C 16820 .ecac00 L 14810 .1648200 . 0
EPS .09923¢C0 .000000 .BCJ00: .200909 .000 .000020 . C
BETA .030000 .000008 .000000 .000000 . ,000000 . G
TYPE N 0 1] 0 ] 0
THIS ROW HAS NO JET
swp SECTION 3 mww v s 0.859¢59 DELTA = 0.022523 XLEAD = L.016817 XTRAIL s 0.055856 CHORD = 0.03903%
WING ELEMENTS Nw = 7 TWIST = ©.000000 HL = 0.000000 HE' $s .0000
XB .000000 .076100 secc200 .370400 59260 76070 . 0
X1 .0le8l7 .Q1971¢ 02540 Q31277 03008 06573 . o
- DEL .076300 148100 16820 <ecoc0D .1681¢C . 14820 . 0
E23 .000600 .00CC3¢C .0500¢ .0000 .00000 .00000 .00 0
BETA .0000060 8006006 . 00000 £.000000 . 00000 . 000000 .
TY®E <0 0 ] 0 Q9 0 ¢
THIS ROW MAS NO JET
waw SECTION & wme Y = 0.891890 UELTA 3 0.04506G¢ XNLEAD = L015015 XTRAIL = 0.058709 CMORD = 0,043¢%
WING ELEMINTS Ne s 7 TWIST = 0.000000 W s 0.000000 TA S .0000
X8 .03%0000 .076100 222200 .37040 .592¢0 .76070 0
- X1 .0.5018 . 018282 026726 .0Z1)0 .06 90 047379 . %
LEL 0.274100 .148100 168200 s2220 L14810 .14820 . 0
EPS .0C0009 .000039 .0000C0 .009CO .0000% .00000 . 0
BETA . 000800 .C00000 000000 00003 .00000 . . 4
TvPg [ 0 0 0 ] 0 ]
TMIS ROW HAS NO JET
#we SECTION S awe y 2 (,782790 DELTA s 0,096055 XLEAD = 0.012662 XTRAIL = 0.062213 CMORD = 0.050450
WING ELEMENTS N = 7 TWIST = 006039 KL =_ 0.00000 THETA S = 0.0000
X8 .023000 0.076¢100 2020 . 370600 .58260 7607 .
xI 12492 .616201 .023¢ 031169 L042038 0698 .087
DEL 074100 .148100 L1682 ecec00 .16481€0 .1682 .
EP3 .083¢00 .€50099 .8L0¢ .980000 .60%0¢0 .0020
BETa .03G003 .C00000 €.000¢C .00C000 .600000 .0000 .
TvPE 20 0 10 0 ] [ Y
THIS ROW HAS NO JET
waw SECTION 6 wun Y s [D.68468 DELTA = 0.0%6053 XLEAD = L009659 XTRAIL = 0.067617 CHORD = 0.057958
WING ELEMENTS NW 3 7 TWIST = 0.06G3000 HL. = (C.00000 THETA S = .0000
B .0060000 76100 .oase . 400 s9¢ <07 .
X1 . 0096459 137584 0233 +020927 .06 0528 . ¢
LEL .G76¢1C0 481469 L1482 Xecs00 .14 4 . 1482 .
€73 000309 .065909 0000 .0€0030 .000000 .8000 .0000
TA .000000 . 00000 .0000 00000 .0 . . 0
TvrE U [ [ [} (] 0 ]
TH!S ROW HMAS NO JET
aes SECT 7 ane v = 0.8576577 DELTA = 0.056055 NLEAD » ,00678 XTRAIL = 0.071922 CHORD = 0.06514S
WING ELEM"NTS N s 7 TWIST = 0.000 s 0 THETA § = .000000
X 0.000600 076 . rd .870400 .59 760 .888
X1 0.006757 +0115 L0218 .0308 .04537¢ .0880 064
DEL  0.074102 .16 L1683 D.2222 .16 L1682 »111
[ 133 1.000000 .00 .Q000 . . 000 .000
BETA  0.000000 .00 .0000 +000000 . . N
TYPE 20 ] 0 0 L] 0 [
THIS ROW MAS NO JET
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®  THE PROGRAM HAS REACHED NORMAL TERMINATION »

®  THE PROGRAM HAS REACMED NORMAL TERNINATION »




“

JETFLAP INPUT DATA FILE DOUGLAS.DAT

%% ONR SAMPLE CASE ¥#* RECTANGULAR WING CMU =1 WITH STABILITY DER
4.500 4.500 1.000 0.250 0. 250

. 43000211
0.9750 0.88750 0.68750 0.2750
1121
56
- 0. 000 0. 100 0. 200 0. 500 0. 900
0. 000 0. 100 0. 200 0. 500 0. 800 0.900
4.500 0. 000 1. 200
1111
4
1. 000 1.100 1.500 3.000
00100
1. 000 1. 000 1. 000 1. 000
00001
0010
0.9000 0 1.000
10.00 2 10.00 3 10.00
9
1. 000 1. 000 1. 000 1. 000
9
95




PROGRAM OUTPUT DATA FOR DOUGLAS.DAT

PEPARARN AR AN AR AR BN RRNARRANA R R NANS D

s EVD JET - WING COMPUTER PROGRAM »
O T L e T T T T L T T

USED INPUT
AREA = 0.888089 6.
SPAN » 2.000000 6.
CREF o 0.666406K 1.
= o.11nn 0.
CMAC » 0.666664 0.
ARATIO = 4.%00000 6. 0
ACG » o.anIn 0.250000
WS = & 3
NCASES = 3 3
1Symm s 0 0
IPRINT = 0 [
JETFLG = 0 ]
IGIVPE = 2 2
IHINGE » 0 1

NWE OF WING ELEMENTS s 2
UMBER OF JET ELEMENTS o |
10'“; NUMBER OF ELEMENTS s 37

X

#u ONR SaMPLE CASE ww» RECTANGULAR WING CMU s ]  WITH STABILITY DER

w ELEMENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE

Lo L L L L b Lt L L T T e e Y e L e e e Y P T Tl

1.000000

XTRAIL = 0.64644G CHORD ® 0.444464 TANLE = 0.000000

1.000000

1.000000

L]

OOOOD:I KTRAIL ¢ 0.46464& CHMORD ¢ 0.444464< TANLE = §.000000

1.000000

46666 CHORD s 0.644646 TANLE « 0.000000

ven SECTION 1 '" V s 0. 975000 DELTA » 028000 XLEAD * 9.000000 XTRAJL » 0.446646 CHORD = 0.464446 TANLE =  0.000000
WING E.EPENTS ] TwiST = 0.0000 ML 0.000000 THETA S s 0.000000
0.0GO'JOG .100000 .a00000 0.5!-0 00 .9
I! 0.0030092 .064664 . 849 g.220222 K
(N 0.100000 . 100000 . 00¢ 0.400000 -1
€03 1.0090000 .C00000 . 000 1.000000 .0
BETA 0.06050C0 .0000C0 . 0090 0.000000 .0
TYPE 20 0 0 10 [
JET ELEMENTS NJ s & D= 88808 DJ = 0.000000 ACTE = 0.000000 THETA =
X8 1.000000 .1 ] o8 [ 3.026000
X 0.466446 .488389 . 7 1.2332838
DEL 0.100000 .6 00 .8 OFunnsnvannn
TA 0,000000 .0 Q¢ o Q.
10 0 0 30
wew SECTION C wer vy = 0.80875¢C DELTA = 062500 XL!AD b .
WING ELEMENTS Né s 8 TwiST s 0.000 0. THETA S s 0.000000
s 0.0000 .100000 . 0 0.5 0600 .
X1 0.0000 066446 .0ess89 0.222223 %
L 0.10¢C0 .100000 . 0 0.400000 .1
EPS 1.0000 .000000 jod 1.00030 .0
BETA 0.0000 .000000 . 0 0.000000 .0
TyPE 20 0 0 1¢ ]
JET ELEMENTS NJ s & D= 0 DJ = ©.000000 ACTE = 0.000000 THETA =
X 1.000000 .1000 .500008 3.000000
X1 0.646646 .6982389 696667 1.328832
DEL €.100000 400960 500000 nununpenon
¥:TE géaoonoo 6'-‘5‘93 0 (600'000 96000000
nes SECTION 3 »ww vy = 0.687500 DELTA = 137500 XI.EAD s 0.000000 XTRAIL = 0.64444& CHORD a  0.44644¢ TANLE = 0.000000
WING ELEMENTS s 6 TWiSY = 0.000 HL = 0.000000 THETA S = .000000
s 9.000 . 100000 . 0.500000 0.4
X1 0.000 0wéide . 0. . 3558 0.6
BEL 9.130 .1€0000 . 0.30000¢ .10 0.1
EFS 1.00000¢ .geogoe . 1.000000 .90 1.000000
BETA 0.0L900 .000000 . 0.000300 .00 ?
TVYPE <0 0 9 10 Q 0
JET ELEMENTS NS = & Ds © DJ = ©£.000000 ACTE = 0.00%000 THETA »
.€00000 .1000 $000C 3.006000
x .64GG66  0.64888 .6696€ 1.331233
.1€0000 .6000 . wrsneny
lE'E 6000000 6°°°° F 000 gbccaaoo
swn SECTICN 4 wns Yy = 0,27%5000 DELTA = 275000 XLEAD = .000000 XTRAIL = 0.46466466 CMORD &  0.4G6G46¢ TANLE = 0.000000
WING ELEMENTS N s 8 TWIST = 0.0000 M. »  0.000000 THETA S = 0.000000
xB .000000 .1000C8 .20000 0.500000 .9
X1 .006090 N Tt .08ess 0.223222 N
DEL .1060000 183900 .50000 0.40000 W1
£PS 000003 060003 .093000 1.co60C @
BETA .000000 .080300 .00009 0.00000¢ +0
TvPE 20 ] ] 10
JET ELEMENTS NS = & D = 0, gossge £J = _0.000000 ACTE = 0.000000 THETA =
000000 -100 o8 9 3.003000
X3 Rz .68e3 B [3 ¥ 212541
DEL .100000 2600 . ¢ vanpen
BETA .000000 . . ¢. ]
TYPE [ 0 50
PRANENRAVERAGPRANRANIRRANANEES
® ELEWENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE
ARANRRNRARNRANNASRERANERANNNGHRAIRRRARENDANEY
non SECTION wre ¥V = 0.97%00 DELTA = 025000 XLEAD s 0.000000 XTRAIL = 0.4646666 CMORD s D.44G444 TANMLE & 0.000000
WING ELEHENYS L THIST = 0. [ .000000 TMETA S = 0.000000
g .000000 . 100000 . Q00 .."’ '] . 96000
EPS .000000 .000 . .00000 $.000000
TA . .000 . . 00000 0.
YPE ] [ 0 0 10
JET ELEMENTS N s & D s 0.88808 DJ = _1.000000 ACTE »  0.000000 THETA =
X 1.000000 .108000 .$00000 3.000000
A 1.000000 .000000 .000000 0.000000
TYPE &5 0 [ 30
ann SECTION LA o.ll;“o DELTA = 062300 XLEAD o 0.
MING ELEMENTS MW a 1ST =« 0, M s .000000 META § = 0.000000
] .000000 . 100000 .200000 .$0000! 0.
£pS .000000 .000000 . . 0.
BETA . . . . 0.
TYPE 0 [ 0 [ 1]
JET ELEMENTS N s & 0 ¢ _0.00008 DJ = _1.000000 ACTE s 0.000000 THETA «
X3 1.000000 .100000 .300008 3.900000
SETA 1.000000 .000000 .000000 0.000000
TYPE &3 0 ] 30
wuw SECTION S swe v s 0.687500 DELTA v (.137500 XLEAD s 0.000000 XTRAIL s 0.
WING E_EMENTS N s 6 THIST = 0.000000 M. = 0.000000 THETA S = 0.000000

96




¢.000000 0.100000 .200000 0.500000 0.800000 0.990000
€PS 0.060099 0.000000 .000000 0.000000 0.000000 0.003000
l‘TA 36000000 ?6000000 6000000 36000000 gbooococ géoauoao
JET EL!HENYS NJ s 6 D = 0.888889 DJ s _1.0C0000 ACTE = 0.000000 THEYA = 1.000000
X; 1.0802000 31.3100000 .500000 3.000000
gs;g éioooooa ?6000000 6000000 26000000
wam SECYION & wew ¥ s 0.275600 DELYA = (.275000 XLEAD = 0. 000000 X1RAIL s 0.644666 CHORD s  0.444646
WING ELEVENTS Nw = & TWISY = 0.00002C WL = 0.000000 A S s 0.000000
bl 0.0000¢¢ ¢.1009200 .o€000¢C 0.50000 0.900C
EPS 0.000000 0.00023C90 .08233¢0 0.00000 0.000000
BET4 0.6000C0 0.000000 .00G000 0.000000 0.0CS000
TvPE 20 10 0 10 10
JET ELEMENTS NJ 3 & D = 0.8888 DJ 1.000000 ACTE = 0.000000 THETA = 1.000000
X 1.000000 1.100000 .500000 3.000000
BETA 1.000000 0.000000 D.G00000 0.000000
TYPE &3 10 0 30
LT RS YRR NIRRT LT RS R R LY ] - -
= ELEMENT GEOMETRY DATA AND FUNDAMENTAL CASE DATA FOR FUNDAHENTAL CASE - L]
EE A AR R R R LR R R A R R R R R R R TS AT R YRR Iy R I Y E Y 1 1YY
sus SECTION | sws ¢ . 0.97502 DELTA s ©.025300 XLEAL = 000000 XTRAIL » 0.44644C CHORD = 0.6466666
WING ELEMENTS Nl = TWISY = 0.0 000 ML = . THETA $ = 0.000000
X 0.00'000 . 100000 .200000 .50000 .900000
EPS 0.08000090 .000000 .003¢C0 .00000 .000000
;sge 2600 000 6"00000 6000000 6000 0 6000000
JET ELEMENTS NS s & D = 0.83808 DJ = 0.000000 ACTE = 0.0080000 THETA = 0.000000
X 1.000000 -1000060 .800000 3.000000
gs;e 23000000 6000000 6000000 96000000
3
nue SECTION 2 wwn Y = 0.39750 DELTA = 0.062500 X.LEAD = .000000 XTRAIL ® 0.664644 CHORD » 0,666466
WING ELEMENTS NW = TWIST = £.000000 H. x  0.000 THETA $ s 0.000000
x8 0.000000 .100000 .200900 .8$0000 .900000
EPS 0.000909 .000600 .§000CO .000C0 .008000
BETA 0.000000 .000000 .0000C0 .00000 o
TYP! 20 0 0 0 0
JET ELEMENTS NJ = & D = 0.88388% DJ s 0.000000 ACTE = 0.000000 THETA = 0.000000
1.00C000 .100000 .$00900 5.c00000
'Eva 2;000300 c000000 )6030000 96000000
z H
wuw SECTION ’ Sex ¥V = 0.68758 OELTA = 0.13750C XLEAD .000000 XTRAIL & 0.666G46 CHORD = 0.6666464
WING ELZMENTS Nd s 6 TWIST = 0.0C0000 HL = 0.000000 THETA § = .0003%00
b33 0.000000 003C0 .S0C3¢C0 .86C000 .800000 9.90000
E®S 0.000000 00000 LGO080 L.8056¢0 . 000000 1.00000
$$;A géOGOOOO 00600 6CCOCOC 6000600 603000 2; 0000
JET ELEMENTS NJ s & D » 0.88888 DJ = 0.000000 ACTE s €.000000 THETA s 1.000000
Xi 1.000000 . 100000 1.500000 F.o0c000
!ETA 23000000 é000000 gaooooon 36060000
wen SECTION 6 mew Vs 0.27500 DELTA = 0.275000 XiLEAD » .000000 XTRAIL » 0.6464G6 CHORD =  0.4646664¢
WING ELEMENTS NK =z § TWIST = §.000020 H, = 0.00000 THETA § = 0.000000
X8 0.9¢0000 .100C30 0.260000 .800000 .90090090
EPS 0.500000 .000350¢ 0.08000¢ .0C0C00 .0000C0
$$;: géoooooo 6003000 génoccoc 6000000 6000001
JET ELEMENTS N 2 & D s 0.88888° DJ s 0.000900 ACTE s 0.000000 THETA = 0.000000
X 1.090000 1.1003%0 1.800008 2.0€0000
- ¢.C00008 0.000000 0.6%00230 0.000000
TYPE [ 10 10 0
PUCRP PO RUP RSP ST RRAPARRNRRAIRRARI BRI RN RN
% SECTIONAL JET BLOWING COEFFICIENTS »
NAOUR LSRR R S PSP PP BN RARRPRARREEARPRRNANRAR
ROW cm
1 1.00000
hd 1.00000
3 1.0 0
[ 1.00000
ARANPRRPRONSEENIENRP AR P YRS P ENRNI PP RSN RNERNBARNBNARRYASRRC NN RNRRNARNNS RN
® E_EMENT GECMETRY DATA AND PUNDAMENTAL CASE DATA FOR FUNDAMENTAL CASE & »
ARG U PP UIRESU RV R RSN N IR VU C L VST U P URNURARNNRARNFAT AP UARNR IS RE AN PR RN AT NN
wuwe SECTICN ] amw ¥ 2 Q.9750C2 ODELTA = 0. C-SO"D XLEAD = .000000 XTRAIL = D0.646446 THORD = 0,6644444
WING ELEMENTS Nl s & TwlST = 0.000002 H. = C.000000 THETA S = 0.000000
X2 0.00000¢ §.100000 0.208%00 0.508CC0 .900000
EPS  =0.4000CC -~0.200000 0.139c0s 0.900C00 .6C0000
BETA 96000000 ?6003000 ?6000600 ?6C00000 .006000
JET ELEPENTS NJ 3 & D = (.89838% D, = 0.000000 ACTE = 0.000000 THETA = 1.500000
1.C00000 1.100000 1.5000C3 2.0900C0
BETA 0.00000C 0.000000 0.0000C3 £.0080300
TyeE (31 1¢ ic 30
wes SECTION 0 wwe ¥V 2 0.887500 DELTA =z (.0el50C XLEAD = .00000" XTRAIL =  0.6644446 CHORD = 0.64646G¢
WING ELEMENTS NW s § TWIST s 0.000C0C #L = 0.030000 THETA S = 0.000000
-1 €.000009 0.100000 0.20L000 €.500000 . 900000
EP3 «0.428C00 ~0.20C000 ¢.}a0dan 0.90050¢ .&0000
BETA 0.c0coceC €.000000 0.0590¢% 0.€00030 .00600
TYPE 2¢ 10 10 1t ]
JET ELEMENTS 4 s 4 D - 0.88888°2 . = _3.000000 ACTE & 0.000000 THETA = 1.500000
X! 1.000000 1.100000 1.50000¢ 3.000500
BETA 0.000000 9.000300 0.000000 0.000000
TYPE “3 10 10 30
mem SECTION 3 #wm v ¢ 0.687500 DELTA = 0.137800 XLEAD = 0.00009" xT!AlL 2 0.446666 CMORD o 0,644646
WING ELSMENTS Nh s 6 TWISY = 0.00000C0 M = 0.000000 THETA S 9.0600000
XB  0.000000 0.100000 .200000  0.500000 0.800000 O. 90000"
EPS -0.600000 -0.200000 .199099  0.800000 1.}999% 1.400000
BETA 0.000000 0.000000 .000000 ¢.0000 0. .
TYP! ~0 10 0 10 1C &2
JET ELEMENTS NS = & D = 0.88sss DJ = 0.000000 ACTE = 0.000000 THETA = 1.8500000
XB 1.000000 1.100000 .500000  3.000000
BETA 0.000000 0.000000 0.000000 0.0060000
TYPE €3 10 10 30
anw SECTION & waw v « 0,275000 DELTA = 0. 75000 XLEAD = 0.000000 XTRAIL = 0.644464 CHORD » 0.664664%
KING ELEMENTS LI TWIST = O, 02 0.000000 HETA S = 0.000000
8 0.000000 0.100000 .20000: 0.500000 0.900000
EPS -0.400000 -0.200000 a0ces 0.900000 1.400000
BETA 0. 0.000000 .000000 0.0C0000 0.000000
TYPE 20 10 0 10 H
JET ELEMENTS NJ 2 D = 0.83088 BJ = 0.600000 ACTE = 0.000000 THETA = }.300000
1.000000 1.100000 .800000 3.00000
PETA 0. 0. 0. ©.000000
TYPE 43 10 [ 50
ANANABUARNNARANSPRISANRIRR L]

®»  CHORDMISE LOAJING FOR ALL FUNDAMENTAL CASES =

LI LR PR PR P T S Y T PR S T P D P XA YA R T 2 ) )

SECTION ) Y = 0.975000

97

CHORD =

0466466

TANLE

YANLE

TANLE

TANLE

TANLE

TANLE

TANLE

TAMLE

TANLE

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000




CASE 9 CASE 1¢

CASE ¢

CASE 1 CASE 2 CASE 2 CASE ¢ CASE S CASE ¢ CASE 7
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» VARIATION Dﬂ SYAMLITV 'r:m" HXTN ADGLE OF ATTACK ll
BENRANE NN NN wa
ALPHA CNP CNP. cye CYP, CLLR
-10.0CC00 1] . 26479 . " . . L -Q. 308
-9,000C0 » . 1878 . - . . " =-0. c71
«8.00000 L . 2177 . " . . » -0. 56
-7.00000 - . 0676 . d . . " -0. 37
-6.00009 » . 007% . " . . L . 79
-5.00300 - -0. 528 . » . . L . 26!
-4,00000 4 -3. 1127 . " - D . " . 13
-3.000C00 » -0. 1728 . » . . ] .800429
~2.00C000 = -0. 2329 . " . . " . %
-1.00000 » -0. 2930 . " . . - . ¢
0.03930 = -0.0003521 . " . . » . L]
1.0009¢ . -0. 4122 . " « . a . °
£.08€00 " -0. L78% . I . . u . 16
2.00000 » -0. 336 .00¢C [ . . " N 51
4.00902 " ~0. sats L0035 " . . » . (14
$.0009¢ » -0. 0536 .003 L . . . . 4
6. '] L -8. 157 . L . . » . 2
7. 80 = -0. 7738 . - . . - .001¢
8. 4 =~0.0008230 . 4 . . " . 2
9. " ~0. 8940 . » . . . . €
0. ¢ » =0. 6861 . » . . » . 89
1. 0 n =-g. 9142 . L . . - 0020458
2.000¢ » =Q. 0743 . " . . » 002182
3.0000 » -0. 1344 . » . . " .002
4.000¢C L) -3.00119%48 . " . . . .002
$.000¢ - ~0. $86s . " . . . 0028
©.0030 » -0. 3167 . " . . - .02
7.000% " =0. ieg . - . . » .0t
8.0000 L4 -0. 4349 . » . » " .00¢!
2,00¢0 L4 -0, «9%0 . " . B » .
0.00¢C » -0, 5881 . [ . . " .
1. L ~0.001615° . » . . " .0032843
2. L] ~0.00167S. . 3 . . " .0083511
25. » ~-g. 738« . - . . « . 468
“. » ~0.0017%88 . L4 . . " .0035848
s, " ~0.00]0%55¢ . " . . [ .0087017
6. " -0. 1587 . » . . L .0038188
7. " ~0.0019758 . L4 . . " -003938
8. " ~0.005035¢ . " . . . 2004052
e, » «0.0020%6¢0 . » . . » 006149
0. L ~0.002:8¢1 . L . . . 006288

»  THE PROGRAM

MAS REACHED NORMAL TERMINATION o

® THE PNOGAAM HAS REACHED NORMAL TERMINATION =
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JETFLAP INPUT DATA FILE TAPER.DAT

TAPERED SWEPT WING, AR=8.0, SWEEP ANGLE 45, 10X10 W/SEMI-CIRCLE SPACING

50.0000 20.000 0.0 10.43
1001000001020000
.993844  .969372 .921032 .850012
.232726 .078217

01010101010101010101

10

.0 . 024472 .095492 . 206107
. 904508 .975528

8.0 45.0 0.45

9
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10.43
. 758062

. 345492

. 647446

. 5000

.520888

. 654508

. 381504

. 793893




PROGRAM OUTPUT DATA FOR TAPER.DAT

& EVD JET ~ WING CUMPUTER PROGRAM »

NARARN N AT RGP ANDHANENENNR RN A AR AN ENNEY

TAPERED SWEPY WING. AR:S8.0, SWKEEP ANDGLE €5. 10X10 W/SEMI-CIRCLE SPACING

USED INPUT
s 0. $0.
SPAN s <. 20.
CREF = 0.2¢ Q.
XMC s 1.04 16.
CMAC = G.2617% 2.6
ARATIO = 8.000000 e.
nC6 = 1.063000 10. 0
OWS = ) 10
NCASES = 1
SYMM s ]
IPRINT o 0
JEIFLG = 1
IGTYPE = 2
1 = 0

NUMBER OF WING ELEMENTS « 100
NUMBER OF JET ELEMENTS = O
TOTAL NUMBER OF ELEMENTS » 100

ETTY IR T TSI ISR RIS PRSI Z222 2L} t 3 {11)
o 'ELEMENT GEOMETRv DATA AND FUNDAMENTAL CASE DATA POR FUNDAMENTAL CASE 1
EEITTRRIIRIIEE S AL ) EAUBNREN a 1 1]
#uw SECTION ] www ¥V s 0.9%2844 DELTA s 0.00615¢ MLEAD e 1.040966 XTRAIL
s 1.187305 CHORD s 0.38¢26 TANLE = 1.047413
WING ELEMENTS N o 10 TWIST = 0.000 [} 90000 THETA S s .000000
XB 800000 006472 B 49 o086 . 345492 .500 0.456508 .7938 906 978529
L .060965 06L792 . 13 72109 096 .11® 1.1632902 . D€ .lelt? .182480
DEL L026472 871030 . (3} .13¢ . 156504 + 1545 0¢ 0.139388 . [ 07102 0264723
133 .009900 .600000 .00909 .000 .000 .000 1.000030 . .00000 000500
BETA .Qeeg9g0 . .0¢30 . . . 0. ) . .60000
TwE 20 ) ) ) ) ) it) ] F) H
THIS RIW WAS NO JET
wew SECTION 2 wnes Y 3 0,96937 DELTA o 0.018316¢ XLEAD » 018536 XTRAIL = 1.176318 CHORD ¢ 0.160981 TANLE & 1.047412
WING ELEMENTS KW s TRIST = .000 = 0.000000 IMETA 0.
X8 .000000 D.026672 095692 .20610 . 3484 . ] «$56508 93098 . 8065 L7582
X1 .C153%¢ 01937 . N .0685] .070¢ . 095826 . .163138 . - JA72TT
DEL 006472 .07102 . ® .13028 . 1568 0f .1564500 N 8 .110818 B <0 . :6‘?
EPS .0004500 80000 . 0 . .0000 . . .00 [] . 0 .0000¢
BETA 000000 .000C0 . [ o N . . 000002 N 00 .0000C
TE 20 ) ] ) ) ) ) ) ) )
THIS RCW MAS NO JET
wes SECTION & mnm v 2 ~6.921032 DELTA = 0.05002¢ MLEAD s 0.966702 XNTRAIL o 1.136851 CHORD » ©0.1701¢9 TAMLE = 1.04761S
WING ELEMENTS Ni s 10 TWIST s 0.0000C . .000000 WETA s 0.
XB  0.006000 0.02647 L0888 206167 9.345493  0.500000 0.¢5¢508 0.7938%5  0.90¢508  0.97550¢
X1 866702 96886 .480% . 7 .0c it 069776 . 13 . 82 118 .130687
DEL Q04672 .07102 . ) 13928 . 156504 . 1564508 . M . L . 006672
€05 .0C00%90 .£0000 . 00 . 0¢ - . . 00 . . .000000
BETA .000000 N o . 00 . N - N N .000000
TE 26 3 0 1 8 3 0 ) ) H
THIS ROW HAS NO JET
was SECTION® o #me ¥ s G.850012 DELTA s 0.06099¢ XLEAD s 0.890516 XTRAIL » 1.075955 CMORD = 0.183618 TANLE = 1.047413
WING ELEMENTS _ N = 10 TWIST » 0.0 " e IHETA § = 0.
X8 0.006000 0.02¢67 L0%8¢e .206 “36549 .$0000 656308  0.79589%  0.904508  0.97S52¢
X1 890214 %80 . 907846 L80815% L9537 L9812 010696 . 088 0563 .06% 2
pEL  0.0i4c7z  0.07103 ‘11061 Rt 11846 1154508 0.15%385 ©0.1i06)S 0.0710: lea¢e?
E®S .00C00C 80200 . [} . .000 .00000 . 000 . 00000 00000
BETL .060300 .080800 . ] . . 000 . " 0 . .00 . 00000
TYPE =0 ] 0 0 [} -} ] o 0 [}
THIS ROW HMAS NO JET
ann SECTION. § wem ¥ s 0.758062 OELTA = 0.05095C NLEAD ¢ 0.794005 KIRAIL o 0.995062 CMORD = 0.201057 TANLE s 1.047413
WING ELEMENTS _ et # 1 TMISY = 0.000 W = 0.00000% THETA § & 0.000000
XB . 0 026672 .095692 .20610 3656492 .500 0.654508 79309 . 904508 975528
X1 .7986008 Ll .8 & B384 2468 B 3 0. o 95562 975860 . 980140
EEL N N 07100 . $1% 1308 . 156508 « 156508 0. . .071020 026672
P35 Q00003 . 00902 . .880C0 . ] .000 1. . 000000 000063
BETA .00000 00000 . [ .0 . 0 N 6. . . .000000
TVeE 2 ) ) ] ) ) 10 % () )
THIS ROMW HMAS NO JET
wew SECTICN o #%» v 3 6.64766¢ DELTA s 0.089662 NLEAL s 0.678166 XTRAIL » 0.900180 CMORD s 0.23203¢ TANLE = 1.047416
WING ECEMENTS _ MW s 10 THIST = 0.00000 . IMETA 5 = 0.
x5 .000000 .Qok4? 095692 20 .8348¢ . 00 . 654808 7928 . 0045 875509
Al 678166 . 7 . L3 T . 796 789162 .02 3464 8564 87897 806746
DE. 026672 . <0 . 1 . i 5 . 1545 0 156508 . 15938 .110618% 071020 026672
EPS .00C000 .G0G00 . ] . N .000 .00000 0000 +000 «Q0CC00
BETA .00000C .000069 . ] . . . .00G09 ,0000 .80000 .000000
FveE 20 é [} ) 3 o o ) 0 ()
THIS R2W MAS MO JET
wne SEETION' 7 men' v s 0.32 TA s _0.066096 JLEAD = 0.545503 XTRAIL
A I N ot L e S v 0.00000
. = 0. . 0, . 0.
%2 0.00 .02667 < 005¢9 206107  0.348492  ©.500000  0.654500  0.7938% 906508  0.97387%
Al 0.5¢5898  0.85160 s¢e08 K11 T650890 0.¢s860¢  0.70661% 0.7 768 785603
pEL  olpears  elgrie: ‘11081 (159388 0.1%<508 ©0.iS¢508 O.15938 : ‘071 lozesrs
SETA . N . . N . . » . .
YPE 20 ¢ 0 ) ) ) 0 ¢ ¢ ]
THIS ROW MAS MO JET
wen SECTICN. 8 *»n Y s 0.58150¢ DELTA s 0.072608 XGLEAD ¢ 0.399593 NTRAIL = 9.672066 CHORD = 0.272673 TAMLE = 1.06741¢
NING ELEMENTS _ WM » 10 TWIST = 0. e 0.000000 AS s 0.000000
x3 .000 02647, . & 206107 .3‘;"2 .500000 6548 . 793993 . 904508 978828
Wl 0.3esSes 0. . E88781 0.493780 0.535829 0.577929  0.6159 Leke06 L6683
DEL  0.04&77 0.0 . i 184508 0.139388 o. 5 9.071020 0.024¢
gs 1 : : 900000  1:60d00 1:900300 }:ggdgug 1. .00 :
s e LW 8 [ ) b [] ® [ )
ave SECTION 3 mne oy's “§12s272¢ DELTA . ;263769 _NTRAIL ¢ 8.8CC480 CHORD « 0.3006%0 TAMLE = 1.06741¢
HING ELEMENTS * 10 THIST = 0. )6 hela s s “o.858000
" g.00000 0264 . -gesenz 0800000 g.‘c:.ugia 190 J05308  9.97588
gL 9idces : : et 0iscioe o 110¢ igries lo2ec?
- . . . . . . vyeve - . £R 4 444
gEra 2.0 . : : : 0. : . 1000
Vet 26 ) ) é ] 10 ® ] ¢
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1.067416

0.8299°S TANLE =

1919 CHORD =

0.001906 XTRAIL =

000000

0

¢
%389
b 344

1=

wmmmhmw

=
-

Qrnona
.- 0D
3 NoO

0. e OO

0.078219 XLEAD s

X
DOOO—O -~

LYA =
c.co

(IO
~oUDO

7500000
Py

quUOQlOl

0.07

Ys
=

00010:

THIS ROW HAS NO JET
Nid
THIS ROW HAS NO JET

#an SECTICN 10 waw
WING ELEMENTS

L T T T T T T LT Y L T T T T )
SECTIONAL JET BLOWING COEFFICIENTS
LLT T T Y T T T Tt e T T T P T LT L)

z
o
N S rers

0000000000

N.Lﬁtl-‘KJ‘QI.'IIO
4 -

00g

CASE 10

anouvonvonzun

CASE 7 CASE 8 CASE 9

0.156340
CASE ¢

CHORD =

CASE §
Q.

0.99384¢
CASE ¢

Ys
CASE 3

0000006 000 9000000900000 00900090 00 00000 1 90900640 109000 56 0 000000 0 010000 00 00 0 16 00 0 00 0 08
CHORDWISE LOADING FOR ALL FUNDAMENTAL CASES &
o s e e L

"
SECTION
CASE 1 CASE 2

X8

NING

o od

>
Quo
>

o
NOOCOoLa
300000000
oo

a0
000000
2ONOOOOAD

°nU°aU°AU°ﬂ:UC

oG

3G
000OC
0000 OC

e s 8 4 s v 4 e e e

CASE 10
CASE 10

CASE 9
CASE *

Cast 8
CASE ¢

CASE 7

CASE 7

OAUnAUOQVOAUAvn

0.160981
CASE ¢
0.170149
CASE ¢

0
8
9
92
0
1

CHORD =

OAUOQUAVDAUAVG

0.
0.

DOE LOADING
CASE §

€DGE LOADING
0
0

0
2
3
0
0
]

CASE &

DINI
CASE ¢

mmmmmmmmmmm
a

0.969272
0.921082

Ys
Ys

[

GOOO00 . )
IOV e
CovAd
OO0

IR RN

°AU°AU°ﬁUhv°nun

200000600000

nvuKUﬁucnvﬂﬁvnvo

D s Ll At
MY 8. el 120 (1D

ETAILED LEADIN

CASE 3
CASE 3

15

°°n:"°°n:9°°

-

CHORDW ! SE LOADING FOR ALL FUNDAMENTAL CASES
by

L LA DL IR T T L L L L L A N T T T T LT R R T Il )

CHORDWISE LOADING FOR ALL PUNDAMENTAL CASES
91100.09.00 00050000 0000000000 O 0009000 0000000 0600000000 000 00 OO

L L R I L L L L Y A Y T I Yy P Ty P T Y T ]
LA LLL A i Al dbdddddddboiit il AL AL L LIS

DO CID Mt OMY

Casg 1
CaASE 1

00000

>
oo

°AU°AU°AU°nUﬁvn

©006666600

AU°AUAU°‘U°AUQG°

IGO0

OADING

IERENEEER]

°°°.°°°-U°°°

o
a

QO
4

e e e s &

avhvonunannVOAanf.

00000000335

Q0cna0acwn

nvonvonvonUCAUn

0000000
0OOIODBIO0
000000V BO0
AOOVOUTROD
DTV
©000Raa30n

Lo e s e o ae

OAannvnvnanAUnlﬂ

Pttt f I 0400~ EOND S

CASE 10

CASE 9

CASE 7

CASE ¢

0.183¢18

CHORD =

CASE 8

[

PRACARARARNTPARRRAAREPPRER

0.8%0012
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CASE &

DETAILED LEADING EDOE LI

8.

CHORDHISE LOADING FOR ALL FUNDAMENTAL CASES
CHORDWISE LOADING FOR ALL FUNDAMENTAL CASES

-1-1-1-1-I-2-1-1-1.J

G OMUINIE O

GOMILISIN 3 O

W€ O OWMI-CE  Fnra D B
IS M OIS Q) OO B
MIT DN OO DO g
B0V O000O0 HNIMIM

XB
B

DI IO DT DO
OI1n0-00.000-C36)

M N ON 0O
-

O TN O e O
e - e Y]

WING

AT NDAG0-O MmN

CACICHCATICALICHCIND

WING

©I DO TMID
MO0 00D

AN TN D ) O
MMM G

NING




CASE 10

CaSE 9

CASE 7 CASE 8

0.201057
CASE ¢

CHORD =
CASE &

€.758062
CASE ¢

vV =

CASE I

a

I T L T YT Yy Ty Y L Py T LYY L]
-

SECTION §

CASE 1} CaS

XB

0000000GO0 o o o o o >
OOHVOOOOOCD Lol QO - -~ - -
OLOOAOOLHO
LOOLOOOOOO a u w D00 &
Q0OUOOOOLOO0 9 " ¢
COONOOBOOO u ..A.- 2 u H- o
.......... « . s . e e s s s ee . e e e S S i IS
L-T=T-T-1-2-T-7-7-2+) ecccecccca 29000000000 edocacoces 000000000 1 2113
DO
D000 L 3 L L3 - L
Q0o w Q00 w
& v “ u
o < u
s . .. O e+ e s s re e QO e e > e o QU s e v e veenes L I S s e v e
sooscocaos ©000000000 eocceccoca oooconocoo 00000600000 L1 2213
[ » 2 [ ]
Q06 . - o
D © 20 w m m m "
Y e v e st e e @ e s vevase e O e veavs e “ e s 8 e e s s O reviesvsee « e v
2000000000 0000000000 0000000000 L3 7-7-7-2-2-1-1-1-3 9000000000 L T 1-1-1-1
~ ~ ~ ~ ~
°°°°°na°°° 0000000000 0000000000 L 2-1-0-2-2-1-2-1-] 9000000000 *0000
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L] = u- % s [ = &- W sdx % *
DOONOCDOO0OT s 0n 22N ©OOC x4 3-8 0 [y Y-y an
02000 DLOO ¥ 41X s2x 3 o 22s SO aZw
o0 w uﬁum.& lﬁu “ Q uﬁu _x o -ﬂn W - “
=3 o [ 13 47 s¥¢ < 33 C < sXsXo
sdxOd o CNGCA o s dxO4qa s U <
.......L 2O O - e s [ S8 O o . o] QK L) s “ee o § BEOQE ) s e oo o o] @ e o0
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3 = s 5 s s .
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PROGRAM JETFLAP LISTING

%"'%altéfs,a;wg PR 75 e Hcrovm 2000 wee

FINAL UPDET!
if“‘li‘é'ﬁi 1R800 0\ e, R AU BRCL BT Tumw
SRR IE S SSIOHA IS BSPNTS % RO TR,

B A e R

nmu*mﬂm EVD JET-WING COMPUTER PROGRAM

T

i @gﬂn “9*‘ ok

Jhesia thi {I N % vnmm WILL PROVIDE,

ﬁfﬁ R8Frecrs of -

is;c ss*'%meﬁoﬁ EABINHE e,
‘i&"k&s&ﬁ%‘"&&?’é OF rl AR A Lol NN B TR B O R AR FRE PR
AEROOVRAMIC CHARACTCRILTTCE BF AR FRRRTASEY AT IHEs

vo 1
THE ELEMEE AR RO ARRYT IO T

EVD JET-WING CW!‘.’I? &Wnﬁm USERS MANUAL

HaE

: 1 FILE

S &gmi it "'.x;.mw.ﬁxm.z s"mzz"i'?a::. s

[ CMAC ,CBAR p

: %i@ff % Fﬁ isx mssx B,
yﬁ' 3‘5"4 IE 3

OO

u§ »10FILE_SIZE
iL

<~gl.°.s;~
- X--
m

'. eszaas%

g DEFINE FILE 1(1000,1200,U,NEXT)
FOLLONING LINES FOR SCRATCH FILES AODED BY J.A. CAMPBELL (WLBS)

PR (AR VIR T
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c OPENJERA H

ST

E CAL AR

)

Bre

§ f°§§f et

FoeraiER 2

Zuu

APS AT’
gUéNTIAL ,

5 aBLE:,

QUENTIAL®,
AQLG ’

’

' ré&vau$
TYPE= VARi
ATUs=SCRATLH

L1BOYRISE FRoE'F

1L1)

ATUS RA
H I E Fgﬁ EW STORAGE DURING MATRIX SOLN

%2.,

DTVP H ARE
Iys RATCH
E FOR TEMP STORAGE DURING MATRIX SOLN

r‘ém%%

%ggcx TEVARX L5 NEXT,
C OPEN §ERAT§N 14 E FOR MA ‘gaxx INPUT TO SOLN ROUTINE
Z{" AP2.DAY ,
2 g;;,,;mg%végg‘s‘i:"“
C OPE ogg é

AR_THE SCREEN, THEN PRINT HEADER

' PROGRAM JETFLAP :

VERSION 3 :

' THE

ELEMENTARY VORT

31 LY &8 °*
BUTIM (

8 RAC;? PR RAM F()Ex[)gI

RIS CS OF ARBITE:
T BRI o B ': [, Ty i sate
3@55 *§ i,

LA
g ( INFIL _SIZE), EXIST = EXIST)

ik

IR Tk AR sl E®

EN INPUT ?A}A.FI

VOVVVUOO-
BRIBBDIN

= Z=

-t E«::EEEE
122332

o0
é
=

3 INF
sTHITREN

F TRENERS 059"

(2]
(2]
x
m
HHI-‘ﬂN
ézﬂ

ES NOT EXIST.

™
oA
Zr-dm Quvovo-

(2]

o

o

z
o
VNN=D.

iﬁ?"gn HE RESYLTS TO THE SCREEN OR A FILE?'

Ltg' 5EATE

1 El't PUT tile
XIS S BEF?? C EA‘I’IPG 1 size
? Lg €1: IOFILg _SIZE), EXIST = EXIST)

ézéi%isﬁ?ﬁa?gﬁw
m#gs‘ms QFI Ls
S

LE_s ouT
1&.100

UI

AT FILE ALREADY EXISTS.'
ENTER 999 TO RETURN TO EXIT OPTION).'®

1) THEN
.€EQ. 2ITHEN
EQ. 999)THEN
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E"ﬁxm *. * INVALID RESPONSE - REENTER.'

TO
c Ol‘sNﬂFi:! FOR RESUBI&E&MI;RSEEM JETFLAP

g NP * EN TO Fak; ;wTFILE

NI %, | WRITIEN
PR ; E Vuay X
T Te
§§ ? '??ﬁs .k £= xLE,s?uTug
et I ¥, * INVALID RESPONSE - REENTER.'

1%>* DO YOU WISH TO OVERWRITE THIS FILE? 1 = YES)2 = NO')

18 i
23‘55;3;;,36 L8 TN AF e
g§‘a g STIRABI b oo

§om
5?%

]
- r‘zﬂf\h gl NROMS ;NCASES , ISYMM, IPRINT ,JETFLG ,IGTYPE , ININGE , IDERIV
N H
RE = CR
M =
a2 XC

IR
o

? z pR;NT
5 2 e
HI = IHING

D!M

8 FIN? FG{TE I‘I,(: YPE] R}N Ig REQUIRED

AR RUN_WILL BE EXECUTED
go g?lut P%I. 70 , 100 , 120 ), IR
A STABIL RIVATIVE RUN WILL BE EXECUTED
i 't."'i {;E 521 60 TO 120

FHHEHI I IIEIIIEII NI I I I IS
THIS RUN NAS BEEN COHPLETED THANK GOD FOR SMALL BLESSINGS.
PPN N IS NN

pRIN;EMgHPLE JON MESSAGE FOR THIS RUN AND GO BACK TO BEGIN A NEW RUN
8 5 é

1444 g**ﬁisciﬁa**::g REACHED S NORMAL TERMINATION w7
l?ug *élﬁizxg A TITLE OR AN OLD END OF CMJ CARD
01

¢ ggxgx §5I12°’ CAECR )

§I%s§m1;8;sﬂg ‘MESSAGE AND STOP EXECUTION

*“l*!**m

HEOHEIHEI I SIS IHIE SO I U6 TSI DI 36 I SIS0 SO SO0 JE IS SIS SOOIt
ERROR HAS OCCURED PRIN‘I’ FINAL MESSAGE AND STOP EXECUTION.
*u**a»n m I IR MHHHEHHOHHEHEHHHUHEH

148 ¥5 igA*(% 0///4sgx,;|4uu*u*1/ X» 1| Elixnwen

HED A%RHAL TERMINATION */
( BHM e )/62)(:2( GHXRRR ) )
1‘00 iT

CIIHHN R I IIILIN
SUBRMID! CLRSCRN

§ LIBRARY ROUTINE TO CLEAR THE SCREEN.
si;dus LIBSERASE_C4GE (1,1)

¢

TSI RS I IEI RS ST
SUBROUTINE QUERY(NANS)

§ rgg:; e UBRR0ES SAISERBC IPIORER, AESERISES, TS, UTTINS

L VA

”§ T sl s e e
MTE

WTES‘I’ * 1
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READ (S5,%,ERRz1)INANS
£l ums. »ERR=1
K XN IN NI 2 I TN IR HEGEHEHEHHEEERE
SUBROUTINE APPLY1
THIS SUBROUTINE CONTROLS ALL ASPECTS OF CALCULATION OF REGULAR CASES

COIMON/MATHEN/NCASES  TSYMM TPRINT . JE &s IGTYPE , THINGE
comowspmn/ NER 1A ; NE ¢ 16, IR
C DECIGE | “"Emi T THERE T5 AN ALPHA CASE’

??igvm «LT. O) NOALFA = 0
8 !NIT ’k"ﬁi AND INCREMENT THE CMU CASE CONTROL COUNTER
NEWCMU = NEK:FIJ +1
PROBLEM FORMATION STAGE
g.rg ?5251. 60 » 70 , 80 ), IR
E £X§§ E ;#E ROBLEM SOLUTION STAGE
8 2) 60 TO 80

E E)éEEﬂE yiséiuoovmxc PARAMETER STAGE

z:?ﬁ?&g@gss eBE N gﬁtggg SUCESSFULLY

IO M I I IEIEIE I JEIEIE T I I I I I NI I I AL
Ig! RRLSJNZHAS BEEN COMPLETED. RETURN TO START A NEW RUN.

TURN
;'l’ll :RENS"AS BEEN COMPLETED. NO FURTHER RUNS FOLLONW.

T
c QOFAEAL ‘E.RROR HAS OCCURED. RETURN AND QUIT.

D
SUBROUTINE APPLY2

THIS ONTROLS ALL ASPECTS OF CALCULATION OF
STABILITY DEIRIVA IVES

COMMON/MATHEW/NCASES , ISYMM, IPRINT , JETFLG , 1GTVPE , ININGE
O ON TN T AR e DAL E T L oeSe T gRYPE»

CHECK _ON STATUS OF CONTROL FLAGS
10 IHINGE =
NOALFA ‘1
NEKCITJ =
IF(ISYMH GE 0} 60 TO 30
ISy = 0

RITE 20
20 FORMAT(1H0///16X 4IMTHE ISYMM FLAG INDICATE YMETRIC
1 H CASE. MOWEVER, IT WILL BE REAS RS SY!GT‘I? ’

EXCECUTE THE FIRST RUN
;gREUA'L"TETIgg PROBLEM AS USUAL
» 110 , 100 , 110 ), IR

[glglale]

GO

280 Tﬂi EXTP.A FUNDAMENTAL CASE FOR DERIVATIVES DUE TO PITCHING
%,AI.L STAGE4

EXECUT§ THE_PROBLEM SOLUTION STAGE AS USUAL FOR THE FIRST RUN

ALL ST
50 § il!s éﬂ.zzl 60 TO 110

XECUTE THE AERQOYNAMIC FIRST
65“20‘ NTAE @Es STAGE FOR THE FIRST RUN

CALL STAEES

E&CU%RS;HME %GSEN COMPLETED

WRITE(6
7° romn %’ll/l/llfé%smliwmﬁﬂ'r ofRIVATIVE cASE * /
55 Tt st "f'svm

» SNITCH IT YO ANTI-SVMETRIC FOR RUN 2
e T T P Wkt R e

oo

On

E

0OO0 OO0

(¢

(212,44
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CALL STAGE4
E SET % AND SOLVE THE MATRIX SYSTEM FOR THE SECOND RUN

T
y }iks éQEZZI G0 70 110

PRINT TH VAT R ALL F Al
Mcg&n é?g RRINT E DERIVATIVES FOR ALL FUNDAMENTAL

FUIPR ,GE. 0) IPRINT =
tk.AL PS AGE3 2

I I
THIS IS TME END OF THE LINE
100 IR =

8 1%0";"5 RROR HAS OCCURED. RETURN ABNORMALLY TO MAIN.
CIHBEENH:

ROUTINE STAGE1

RS ST AR LTI g T R R NI
R A T TETYES H T 01, 2ot

POIAS  NEPHU NOALF £, LORTC TR

CHECK HER I S THE FIRST CMU CASE
FE R el T B e 17, 371 o0 T0 &0

(g 2]

iscg A&TYPE Ezo llloo ('IG}'{PE .EQ. Z)ICALL SGMAIN(NOALFA,IR)
» » ’

E USER INPUT

u‘f ;m}gﬁ HSSSAGE BECAUSE IGTYPE HAS THE WRONG VALUE
R ML
GO T0 100

REA C S| REMRE'ENTS
: Ly e SN
BEA 31"599&’«13‘3‘ o, o
“© Shiie0 el de'so
s STg WLLY T0 THE CWT ROL PROGRAM
TO 130
8 §§IN§ ;R{QOR HSSSAGSOIBECAUSE THE NROWMS VALUE IS UNACCEPTABLE

T iniosex) THHAONS =,13)

§ D36 26 JII 26 6 MU IS IE I AT N JIETIEIEIEIE D I DI 000
A FA;AL ERROR HAS OCCURED. RETURN ABNORMALLY TO MAIN.

TO 130
THIS RUN HAS BEEN COMPLETED. THANK GOD FOR SMALL BLESSINGS.
S'lgﬂ Tg MAIN AND BEGIN A COMPLETELY NEN RUN
70 130
i R TxEN “mg MAIN AND STOP THE EXECUTION

[z 24

cmw«m**
ROUTINE SOGMAININOALFA,IR)

% gé?xﬂkﬂgg‘rﬁwﬁ%lll GEOMETRY CALCULATIONS FOR THE

COMMON/MATHEW/NCASES ,1SYMM, IPRINT , JETFLG,, IGTYPE , IHINGE

E {SAi ! xﬂ"g« Ehmfm GEOMETRY DATA

o e

50
w IZ!M NING PLANFORM GEOMETRY DATA

ALL XLETR2

S READ THE JET SHEET GEOMETRY DATA
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Oon 00 00 000 on

an

(g 2.2 2]

NPgl (IR}

&RI E JZII GO 70 100

F E D ELEMENTS
2

l GO TO 100
CONSTRUCT THE SET OF FUNDAMENTAL GEOMETRIC CASES

DO 90 N = 1,NCASES
LCASE '=‘ N

B5"Ra U IRERSETDEASESNINTRAS S

8"?’?‘;2{;% 3 fﬁsgfgoun,m)

Z 100
PRINT THE GEOMET I)AND CONSTRI TE)D CASE DATA IF REQUIRED

ﬁi E) WRITE( 6,
i L 1(LCASE)

:

T IH
40 C& BO)Eﬁ 1
T

tzlJE
ETURN
AN ERROR HAS OCCURED. RETURN ABNORMALLY TO STAGEl.

100 R
URN

O ROUTINE INPTS(IR)

THIS_SUBROUTINE READS THE WING GEOMETRY DAT
FO i rﬁe SECT{ EGgG‘IETRY ME MOI'J‘mE DATA

COMMON/MARK /N NROMS.S »NIWT ,NJT ;NMAX ;N1 G0 ) ,NJ( G0 ), TR( 401, 1J(40)
comowseom/gf 230 2 »CHORD g 40 }1 ;egkféé 33‘ 00 k02l 8oL E84S°
CEOM2/ 2L EAB TS0 1SR TRALLL 4805 TANLE(4D ), TANTE( 40
Eomwsc?/'xsu%gg 302 2Bui20010) dcTvpE(ad 1 INTREE,
oA YPE TYPE
FOERSINCAL Y

READ( ) (Y(K),K21,NROHS )
20 F§ BATY 8¢13° PR
R ADl%UN 26°) ucwpem),x 1,NROKS )
30 rgma &4(_51 1
;gcrvpz (K3 NNTYPE) NWTYPE = ICTYPE(K)
0 GBI o )
READ(LUN, 30 (N g(NhN ?. YPE )

HE CHORDMI VISION DATA FOR EACH T
REA'%?;SS ﬁx? g" ISE BIVISION OR EACH RON TYPE
IFC(NIN .LT, 1) JOR. (NIN 0}) GO TO 10
0 Egégthggy Yo 37 cBRic NN E TR RS 0 200
BEFENE THE-NUMBER OF CHORDWISE DIVISIONS FOR EACH ROW

0O 70 _K_= ],NROWS
Ik = IcTYe (8]
60 NIIK) = NI(ICK)
70 zg:qn{us
ETURN
AN ERROR HAS OCCURED. _ PRINT A MESSAGE AND QUIT.
0 VRITEL6, 90 ) NWTYPE
sniuimmsx,z.mmen OF WING ROW TYPES =,I%)
RN

T
128 NEMi (in }28):;??,22“ NING ELEMENTS PRESCRIBED FOR ROW TYPE,13)
URN

SUBROUTINE INPUTJ(IR)

HIS_SUB INE READS TH T_GEOMETRY INPUT
I THE SE IONALE SYJ&T%D

CRONMATHEN/NCASES TSYHH, [PRINT JETFL, TGTYPE |1 ? 15H1401,10140)

| COMON/SGL/BNI 0 IR v T i
o 1",‘"%&1 ,}.m 2100, Y

‘gl

REA :3; tvps of nxvxsmn FOR EACH ROW
EYFLG . NE. 0
ADILING 203 02 ,9pE 2k T2k 1 ,nmomes )
20 r RMAT(4012)
DO 30 K = 1,NROWS
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[ 2]

0o

OO0

(23]

[
[~

ol I o
PO

{ } ﬁ; '.HT ;8 NJTYP%MJTY:E(K)

»%

w
o
T4

b1
:EA'SIRA*?NJ:BE??F(&?%H }EE}S¥$§ ONS IN EACH ROW TYPE
REAB §25 ﬁ&g& NﬁJ% BEVISION DATA FOR EACH ROW TYPE
NIN = NI(N]’
REANNTNLT5 1), 8% TN, o753 60 To 130
52 FORuATS £10.6)
DEF Blf aéHEKmEmCHORDNISE DIVISIONS FOR EACH ROW
ﬁ:(i.%TisEi?éﬁE}Q 0) 60 TO 80
éﬁEEKO‘F}#UEO&I CONSISTENCY ON EITHER SIDE OF JET
G . et =8
A A gss:z" :
£ Iea Ry 115098 19010
COUNT = 1’
L 08 S 2
0 JCOUNT = ICOUNT
18 g'l‘_cl:?d:ﬁ'r AT, 3) GO 70 170
ETURN
THERE IS JE FOR THIS RUN
%°05, 130 % 71,080
NJ(#! = 0
0 EO‘ =IS.UE
ETURN
N ERROR HAS CURED PRINT A MESSAGE AND QUIT.
8 L P10 or e now Tvpes =13y
5o RETVRY,
40 igm;liz iH}/38X,I§ g?ﬂ JET ELEMENTS PRESCRIBED FOR ROW TYPE,I3)
ETURN
;8 gg%’gii’ il}lg?£9ﬂ3 ROW CONTINUITY RULE FAILURE)
ETURN

&8

ROUTINE XLETR1(IR)

ROUTINE READS THE LEADING AND TRAILING EDGE COORDINATES
AISE STATIONS CONNEE E BY STRAIGHY LEAD DSE

NTERPOLATES TO GET THE COORDINATES AT INTERMEDIATE

T
COMMON/MARK /NROHS yNROWS.J , NWT NMAX o NW NJ(40)
1ccmm'm/seomm 401 ,cuoauf 40) fnsu‘u A Y1 T3S L e )

(40)
GEOMZ/XLEAD“OO ) ,XTRXI L(40) ,TANLEI 40),TANTE(40)

I

d om
X

gwn
=5t

b
o

o AT

D IMERSTON VP 40) ,XLE(40),XTR(40)
READ XLEAD AND XTRAIL

30 N = ],NROWS

ggm%w i6 o JYPONDXLE(ND,XTRIN)
10 FORMAT(3f1
20 g(t;mm . 1.1) 60 TO 40
ﬁe m;é vEu THE Y VALLES AREololil stie.

)-v NRORS ) U687 ooI 93 ?o 110

REAQFTME EX&M 9 CAl}DR EolRoe &‘ARDS HAXE BEEN INPUT

INTERPOkATE FOR XLEAD AND XTRAIL AT THE INTERMEDIATE SECTIONS

0 N s X,NX
"3‘ ;a.#"?v? é& géaooxm TO0 70
um - cm
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ROUTINE BOXS(IR)
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-~ LY
“ ) “ —
- O -
« OO N nO3
- wy X ~Dwr
2 885 oo oo
- e 4nm0_ - a8 QWM
b4 [0 M X o m ® X "—~
- 9 HED ~ - > HEo -~
W o) ~O O +* 0o <0 o
- ~00 & © 00 <&
OV~ = . > OU— =
2 QO T w - I
Lond w [ T3 - M * w - m
== z0 fos %5 N 4] 5o -
Ze = wo 28 S8 2 i -~ W~
~ax u E owo ~ = s O oud ~
Wi [~ ) W T O 4 Sw— O
-~ [7) - VX - 4] - aQ Z Zox -
W SN~ -4 () ~a - oo o a0y
Z~ < T - a~ = o~ X w a~
—r ] gt XWo—Z Ui w O Z Xuwo~
azZ W > Guwr dwyod & 4 N oNX ) S dwiod
>Zo 0 v = -0k W & = o o EX-Ok
3=3 < Z- - NgD » I N w a Svao
. o N w g o P - [ (U] .
i 0 -0 WHT K SUO [§] L * [~ m = WO
[™ A w mm { ot (a2 4 £ X b= w - =i=—wiag
- = m A= <-4 of ~ oa @ o - Z O
o< x ] o Ay K xoFy 9 oA z FOo -
W O.X L4 m u =t [- = —0yag [N ] [ o}
- > 0 = O el a U +00+ > > - IO I <
< —Oon O o =& Ew ) 8 &4 % 3 Bad~u o w
o4 = Za 4 O guw z 3 1) ~ - < ‘x—or 0
O = e =1 =% oz AT R S TR - 11 <OOX o~ «
8 o € _w O~ DS WA O  —bme 4 - N YN 2o~ o\
€ ~x> a zJ Wi ZO0w~ Z+ U O=Qa-b. b Exi+ W XZ0—~ ~
w ~> T~ IEXO QO Z N O w a0 N Baxxo =
- T RO EOOMT o a4 NNE XX " e N EaUXT x Z
- ZNroae A o W1 U0 O >>rtx - ZN A o -
wa -~ . ™ Nna> ‘Dam—g < O OZ - g sooce k o o
>=Z e N OZ (OO ¥ NEK O~ -~k 10 £ yxood Nt
w 12— w X & Sa9X WP T g 0O A —OO m o Oog N E IWIrIwoNN 209
o ~=a & _ O -w o 0 S IO~ &+ o el T O—eJOnd Dax X
scull= ~N0 W K » AFOXKA 2™~ K N KXUOZ ME O 4 LR i Ui
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o _n_~- ) TN W GOw Wz AT L SR SR RN z QLOW WZaKuon =~ -
o ~xow < it B RJnT TOO 05 Jz¢ wilw —on w w > —Oww M I PAAUTY  ~Xwon
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170 CONTINUE
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Big®ils

tLJ -
198 M B
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o] ;70 IB = 1, NREM
(IB .LE. NROW)} G0 TO 220
R
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& ToMao
- - START TO WRAP IT UP

280 ﬁugua NIN
% 3% NOTE.. AT THIS POINT ALL LOCATIONS A(1l) THRU A(XORE) ARE FREE
g.??dﬂ,‘x" NPASS
: 5; -K e+l
t 4

§ = = READ IN THE SOLUTIONS

ﬁqu'o“ ?TE:}:’J.AI.M. AINS), 1, AA2)

538 EE a Nl -1
=
ROUTINE SAVE(1IU, IT, N, N1, Al, N2, A2)

DIMENSION Al{N1), A2(N2}
G0 TO ( 10 , 20 », 30 , 40 ), IT

ﬁxﬁ;ﬁ;‘xm A1
'z"élég*gs'n:'xﬁ)“u. Al
WAL A8 2, ue
5’3@ mﬁi a2 a2
Eékounm GETT(IVU, IT, N1, Al, N2, A2)

DIMENSION AliN1), A2(N2)
G0 TO ( 10 , 20 » 30 5 40 ), IT

.
L0 A, o

SR A2, e

TR T,

Oon 0N 00 0 00

0o 00 oOon N 00

ROUTINE BAKSUB(TRANS ,SUMMER ,NEWMAX )

§ CAb BT OV T A 1B G KRS TAE RiewT"S:BE FRHRER ToR TR oF

I0N.
§ pﬁ%&%ﬁ%ﬁﬁﬂkﬂﬁl RS AE T R w01, 100000
1 ( > RONEMMAX )
10 Forrurs ind%Ix, 2emmack sumsTITUTION so;.ﬁttmn

CYC§§E ;él!"l}l?ll "né&gxoes
IND(1 'IaEADOI )
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neaf, 18 foEr LT varme o,

20 AD?I'I [ {
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%0 CMIM
s I’RI R‘Bﬂ? %1% COI.W
SOX. RIGHT SIDE COLUMN,14,60(/1X,10£E13.5))

RWTINE STAGE3

E Iuﬁ%%ﬂ‘"im gggnogﬁiukgggnzm OF ALL LOADINGS FOR THE
m "h‘f E ﬁrz&?ﬁ&)’.&(w)
22 'mﬁ ‘;2% ‘E:E‘g?é oo» XI(600),DEL(600),

L e -IN

1 %

dukt gE? § x?al 506.10 IR TANT565%ms 40,200
o ) M 6). P40 )

13 nensx’ E WA t' bgff'?i,cm 600),CPRO( 600 ) ,CPRA( 600 ),

1P VIVBERAY .s’ig PR %dh‘ff&ém 1385 ekt 11558k 00,50, cop1
c sn% tk?gé"? %:% ?ﬂs‘foﬂgxm FOR ALL FUNDAMENTAL CASES

is %E STGSFS(CLQ ,cm,cmnc »DUMG ,NEWMAX ;NOALFA , LCASE )
4

%0 i:g/ §“p;su IF“ °Egri§1&? 5ERLTITIVe ove 7o PrveHING,

TCHT r;l,"mgem osrr:cxém DE évntvs ABOUT ORIGIN,
4 a4 4znpncu NG MOMENT COEFF 65 Ivni
5 284 DUE 70 PITCHING ABOUT XC 3 ¢ Sl

E CALL STG3FTY
L A
CALC JI.ATE AND-PIIQIENTGOT¥5 kgooxm FOR ALL COMPOSITE CASES

F
sD 50 M »
MCASE = M
50 CALL STG3C(NENMAX,MCASE,NOALFA)
0 CONTINUE
¢ 706010100
€ CALCULATE AND PRINT THE COEFFICIENTS AND DERIVATIVES FOR ALL
¢ 5'6”95“5 n‘n'iogﬁs'; CPO,CPA,CPRO,CPRA,CPP,DEL ,CHORD,Y ,DELTA RE
1 €LQ,CMQ,C A TR T U b gk R TP
c 2 Nﬁgv’es.gérmmtnn 15hLE et
C CALCULATE AND PRINT THE STABILITY DERIVATIVES FOR ALL COMPOSITE CASES
50 CALL COMDER(E£PS,€P0,CPA,CPRD CORA,CEE CPREAD DEL[CHORD, ¥, it
1 ELTAARER,CLO Ym,cv. ﬁ «52 N, 1, NMAX , NJT JNE
z RE RSB RO S TATM LB AD S FANLE S oe S
100 25{"’"

THIS_SUBROUTINE CONTROLS CALCULATION OF CHORDWISE LOADING
FOR FUNDAMENTAL CASES

annn

£Q MATHEK/NCASES  TSYMM, TPRINT , JETFLG, IGTYPE

E ORTION MARK TR ST RBrE Y AT R SRR Foil 48 R A e (40),1J(40)

L0 awceom/vmoi.cnoaohoor DELTAC4D ) KB 600 ) 333 (250 DELISD0 1o
D(48 ) KK(600 ) 11YPE( 600 )
SE3/EPS(600,10),BETA(600,10),THETA(40,10),THS(40,10)

iON/JCASE/C 140 ) ,CMUP{40 ) ,CMUPB 140}

1/CP(600 16)

NS ToN YBo. 5 CBExB5,10)

E CALCULATE AND PRINT THE CHORDWISE LOADING OF THE FUNDAMENTAL CASES
INI 'éAI.IZE IHE WJ§ED VALUES OF CP FOR PRINTING
NC1 . a:‘ eo T0 30

I = NWT
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1 %ﬁ 1 gr, 0 0 10310

150 h 4§ Z9HDETAILED LEADING EOGE LOADING)
g "N_= 1,NCASES
160 g‘i fs( LCASE ,CP(IP,LCASE ) ,CP(IP+1,LCASE ) ,DEL( IP ), XBB ,CPEXP )}
170 w'; %0 5n,mm).acpsxpm.m.u-xmcuses)
¢ ‘f S = ILINES + 7
H
INFES FUININGE .EQ. 0) 60 TO 320
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on

S = ILINES + 12
320 E%uﬁms

ROUTINE STG3FS(CLQ,CMQ,CMQMC,CLLP ,NEWMAX ,NOALFA,LC )

231%3'}8}{'} CONTR™LS CALCULATION OF ALL SPANKISE AND TOTAL
;/HA HEWASE MM, PRIN’T“&TFh‘( Nﬁl%"* 3 )
B N
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o el APt D,
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WRIT 0 JCOEFF(21), CMMCO,CMMC(1}
WRIT g: é 0 JEOEFE(ZL): cﬂ?%o§CLLs(i)
WRITE(6) €10 JCOEFE(ZS): ELLIOCLLI(T)
WRITE(6; 610 ICOEFF(23), CLLO,GLL(1)
WKITE(E, 610 JCOEFE(Z5), cnJi iy
WRITE(6) 610 COEFE(ZE), CNIOCNIX.CNI(1)
HR y 610 ICOEFF(Z71, CCYO,CCYXCCY(1)
WRITE(6, 610 )COEFF(Z8)) CBGRO, CBGR(1]
WRITE(6, 610 JCOEFE(Z9), CBCLO, CBOL(Y)
WRITE(6, 610 JCOEFF(30}, CBJRO, BJR(1}
WRITE(6, €10 JCOEFE(21), €8I0, CRJLLI)
WRITE(6> 610 JCOEFE(3Z)> CBRG, CBR(1)
HES o8 Rl i Bl
WRITE(S: e10 JCOEFE(Z2); GPENLD; EPBMEL(T)
COMPUTE AND PRINT A TABLE OF THE VARIATION OF THE TOTAL COEFFICIENTS
P Esggéé§;§c§ctlll gnncoecnnc¢1) c Lz c;L¢1:°ID;7:oEcn;::x
81tz{13,cCI{1),CNEG,CNIX,ENET1Y,CNut1) ’ ’
} €CY0,CCYX,CCYi1d,M) ? ’ ’
RETURN
END
LOCK DATA
coaichie corgress)
IR CORPEY ey ot ottt ST g
) (N CEMT* 5° o 1M CXCP' 3" ENCL ¢
é ' CREPBILT  CHELB'L' COMEME'lT coblderlt  cofime
: R, Iy TR TR T
3 " TCBGR's'  CBAL':'  CBJR','  CBJL'
7 ' CBR'}" CBL';' CPMBR'S* CPMBL'/

END
SUBROUTINE EXPLE(LCASE,CPI,CPI1,DEL,XBB,CPEXP)

THIS SUBROUTINE COMPUTES THE CP VALUE OF A LEADING
AT 5 ?NTERMEDIATE POINTS ON THE ELEMENT €

DIMENSION XBB(5),CPEXP(5,10)

) = X % DEL
P(N,LCASE

ThagzLCASE)

URN

SUBROUTINE EXPH1{LCASE,CPI,CPI1,DEL,BTA,C,XB,XBB,

THIS SUBROUTINE COMPUTES THE CP VA
EV% AT 5 INTERMEDIATE POINTS ON T

DIMENSION XBB(5),CPEXP(5,10)

ELEMENT

DGE EVD

= 0.666666%CPI*(1.0/SQRTIX)-X) + CPI1*X

CPEXP)

Bg §o°'ﬁ°- 1,5
- 3]
10 X = XB - DEL + (N-1)%DN*DEL
PRBING = ga
20_CPEXP{N;LCASE) = =-1.273200%BTA/57.295779%( ALOG! ~C%DX )
3olc I&UéLOGlC*DELl*DX/DEL) +(CPI + (CPI-CPI1)*DX/DEL )
RETURN :
END

SUBROUTINE EXPH2(LCASE,CPI,CPI1,DEL,BTA,C,XB,XEBB,CPEXP)

THIS SUBROUTINE COMPUTES THE CP VALUE
EVD ATUE INTERHEDIA?%TPOINTS ON THE E

DIMENSION XBB(5),CPEXP(5,10)

LQMENT

F_THE REAR HALF OF A HINGE

UE OF THE FORWARD HALF OF A HINGE

N = 0.20
0 B i
i 1 B
XP( S| - 7.29! ( [{<.1
20 ORI e ADEL IR0 & DL S 1CRT - 2T LR L PYTSLSRORRL )
20 CONTINUE
gﬁéROUT
INE SLOADLALPHA ,1),\bi M) CHORD ,CH, THETA THETAS ;TST
RS YU R it AL LI P
b SBiEbao Lostes e Rk .in%ncé) s(HG, LI, LHT, RBLP  XBLL
THIS SUBROUTINE COMPUTES THE SPANWISE VARIATION OF LIFT, PITCHING
O ENT O AND  INDUCED BRAG FOR EITHER A FORDATENNADTok™Se ITE CASE
ION 1J0G0),NH(40),NJ(40)
HENSTON Eronglati anlitds ?nsrnt4o£ THETAS(40),TST(40)
RERIEN EELP20 1 EDio0ed ORISR0 R ALSO0IRETR S0 o) cuiao)
1 P40 TXBELIGD) SCDOTA6 ) COMITRg) Calan) eoT (45T eT0ass ’
{gvichze THE CHORDWISE PRESSURES FOR EACH SPANWISE SECTION
FCIHINGE .GT. 1) IMINGE = 1
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o 00 00

60 (K) = CDGX(K) ¢+ 57. 779
R § BT

ROUTINE ﬁnggG‘I NgE k »BETA ,CHORD ,D ,CMU,NJ,1J,CLG,C6AM,
w1§ﬂg%w5"$ g%’fﬁss THE SPANWISE VARIATION OF TOTAL VORTICITY

61,0030 ) ,&MU( 40 ,NJ(40),1J(40)
Egﬁggiﬁ §§8§§° : ,:zk:’%ﬁ:; BETAL¢00)

DO 60 K = 1,NROWS
i X QE’SECTEWL JET VORTICITY, INTEDRATED FROM Y.E. TO INFINITY

%Flg :'l‘('h 0.0001) 60 TO 50
RI g z Ns BUTION é
s B th °§ R dom Qo ERAAR K BELTED )
ZE Niﬂ(; H N._J l

20 ; : i’ul

8 géﬁmx 3 CGAM(K) + 0.50 #* DEL(II) % (CP(IXI)+CP{II+1))
FAR-JE; EVD CONTRIBUTION

Eéﬂi(%ll : GAM(K) + D(K) / CHORD(K) * CP(II)
%?cggnmel '=‘ 0.50 * i RS?I’(“;R;BWéAMlKNCLG(K))

SoAe

3 ”‘;”éﬁ nﬁ%*éu ceaelR e Bl TR

:C L,CPW,CPB"L;CLZR»CLZL)
}'ggSA LN%EH;AE‘&Ag&‘TES ALL OF THE TOTAL LOADING PARAMETERS

E{n§§§ Yl 40‘8'8 §T#(A?§8 C( 4%"3%01 68 1>XLEAD(40),IN{ 40 ) ,NW(40)

M LGt 6 .cnumo),cmmo),cmmo)
YTIZALIZE THE TOTAL COEFFICIENTS
¢ 0.00
= 0.00
ECris = 0-§g
gCuT = 8:98
CXCP = 0.00
EXCL = 0.00
St R
CCJ_ = 3.60
HS £ 8198
ELé a zi 0
CBGR = 0.00
4
.0
g
g
= .
:&n = o.og
CLEL = 0.0
EPBML = 8233
SIS 1 i, vases avn e s
Pt ksvmi re 854¢8'¥4 80
LIFT_COEFFICIENTS
CCLG = CCLG + CDEL » CLGIK)
30 EELS = EELJ o Sgn » CLMUIK)
PITCH COEFFICI
EHBET Top §'e'{ e Kk LeNTS
XLB 2 %L mxg Z:CLK)
ggn; -Exk( ,msl OGE HEIGHT ABOVE WING APEX
s = i)
'6$ 1’.'; 1,
FLITYPELZ) - 4)) 60
soxossnbtho th) £%212013,29. 208779
50 XbS = B 37 577
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LOGICAL 21,22,23,24,25,26,2T1,2T2
E FIND SOEFFICIENTS OF CURVES
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é: # g ‘&o émfl 1% o)
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€ caLcuLate Inensvn OF DISCRETE VORTICIES
21 KR
1%; e T A e X e 3
70_BOANICT IO ECX+1 )-E(T ) J%OM(T }+(B(T+1)-B(T } IDM(T J¥¥34(C(T+1)-CII )}
1B e
: 80" CONTINUE
CALEStAéE‘ ggmmsn
= A
MES L1893 F2sre
%X' b's'uF E/Egl 00pTIN=FE 32 omi 02 eF2))/0 (DPEII+F2 IR DMIII-F2)1))
if?&i}: L ??"” : "é '§ 73.0)0F2unans2
g‘tg;;gs 3’ Y #‘}- (.noi‘ RO 2
3241051 ;w)g (1=F8 )LDMII19F4))/L (DL )oF6 (DML )-F4))))
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T T AR
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PROGRAM JETFLAPIN LISTING

PROGRAM JETFLAPIN

SE JREKATACLIRVT, PRGoRN BEYELOPER B4 RATRESKLCARR D oon 112
T IS o g

i RIS e és RO PR recrs o -
LY e ——

PITCHING:
ﬁﬂﬂ’#ﬁl‘ns?&%ﬁ“lﬁ‘é&%pﬂ?sﬁ"ﬁ SERAH" LRE T EGNHATNED 1R BOOSE AL "Ry
AEROOVRANIC CHARACTERILTICS OF ARBrFRARVADEYFLAMCuINGs
THE ELEMEPIIE g ;eéh”igi‘CEI?Egs ION JET-WING

UME
EVD JET-KING COMP:J,?&R PROGRAM USERS MANUAL

FEFEIEIEIEIEIEIE JEIEI6 I I6-I6 6 36 JE36 36 36 J6 366 36 363€ 6 6 36 6 IEIEIEIEIEIH JEIE I HIEFENE I HHIHIEN N N I IHHHIHHHHHHHHEHE

Dbt
ﬂ-

OOOOOOOOOOO0OOOOONONOOOOOOOOOONOOON

I;ééégg*z zﬂE¥LE -SI7E, 10FILE_SIZE
é“‘pﬁE’Eﬂ*z° KEZLE YOUTFILE
BT CALC ENTST ECR

T R e T
COMMOL/ DONE, ARLA SPAN, ARATIO TR SHEEPCREE ,CHAC ,CBAR,XIC ,XC6
COMION/SPIRIT/ & WHMAX , NEWCHU,ROACFA oé
CCW‘KHVENDA Axnng SPA 2CRE ;X1 )CHA ;XC JNRO ,NC 3sv,§§a 3513611343

| COMHON7 Eonl/s=2oi,ﬁg?ggadoifegLfétdgJ,isté 0),X1(8 Llsaa),
conuON/secMZ/xLEAﬁfqoa,xrﬁ& L(g%; ?2Nk514o) TANT
COIHON/ FCASE 2/ THIST {40,101, HL(40,0),0J(40) STATEL £&%C180;

1 ) Xug(a),a0) 66T (e 190 17 slar00 1 fcTa0 1 TAT(40) T,Nnr
COMMON/FCASES/EPS( 500,101 ,BETA1 660,10} (a0 303, ThS¢4
CoMon 8E3L5§?263°£66"UP(“°”c"upﬁ'qoi
e
EA;A CHECK/'9 ‘7

ceoo DATA LUNZ7/ .
g ?é%tsLsggéRXNSO¥T§NEUC?IgthR THE SCREEN, THEN PRINT HEADER
""" gé"'éiiééﬁﬁ""""' -
gs.gi %, ' PROGRAM JETFLAPIN : VERSION 1 : 6 AUGUST 88 °
BRI £ TECROSRARTAR TR BB SRR o
En NT % | DOUGLAS ATRCRAFT EOMPAN¥ ?R§QU¥ Pnog5nn JE}FLAP '
RINT * ° LEMENTARY
i °"axz$eax 9;2 L EanNs Aps£§°aznesi
[ L]
Ri" % ETU T FREI °§2 I°N
c
1 un T
(ST
ELS 1 6N2N§ .EQ. 2)THEN
§ (6r1292)
6410 F it (1X, ' szsExssssnsEZEaRsERERD
6640 IFORHAT 1/4f'§f'§§7§;:§§== 'oé THE JETEL aM TN Eonnar
33098 gﬁrEsEE ,/flg,'exgan fi i ¥ ‘21556, 7s§A
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§a FORIAT |

g o1 SroRmAt s IWoﬁ 60’ WESH TO RUN THIS PROGRAM? 1 = YES;2 = NO*)

INVAL
FOLLOWING LINES OPEN THE INPUT FILE TO BE CREATED
S
PRINT »
BRINY *, o (ENTER 999 To EXIT.)' )
JUS 2 LIBEGET. INP T $
s1; ENTER RAPECBFOUT u1 LE ’f sggm. pu: iz:l'
C CH z X7 ; kgr T4 EI§ g T ;? cnemus I i1ohene
IRE (FILE = : SIZE), EXIST = T
Wg 4 ntrum L FILE_ » EXIST = EXIST)
ES NI ¥, o THAT FILE ALREADY EXISTS.'
BRINT ,°° 12088 ENTER 999 TO RETURN TO EXIT OPTION).'
3 ALL QUERY (NANS)
L% 10 4
¥
§o, NS EQ. 1) THEN
ELSGOIE‘I’N%NS .EQ. 2)THEN
ELSE IF(NANS .EQ. 999)THEN
ELS!
W 6,1262)
N i
2 RMAT_(1X,' DO YOU_WISH T RWRITE THIS FILE? 1 = YES}2 = NO')
¢ 3§£N°§§hs(m$:[:25§onss hEor LT EBR Frecran JETE AP ES12 = NO
LE=
2 ke NIZAT TEkE” rsequenTIALY,
§ EE CORDTYPE: WTUARTABLE *
£oRM- -rqsnn 0Ty
Commntmmcnns) ATUSz “UnK -
NF ER_OF DESIRED INPUT FORMATS Al NPUT DATA
§ PR RE R R L PE B A TR - ThE T RS LEM _H'l_.? FORERuEIRELskINE INRUT )
A RN
8 ﬁa';’fgc%gf‘gqmt
WRITE (6,6440)
NR}TE 16;64é0)
WRITE (6,6450)
REXD: (5518889 em D=100) TITLE
6450 FERMAT { §x,'im Spenmennenn JETFLAP INPUT PARAMETERS °)
1 ¢33 ********!*************

6460 lFORMAT (1X,28H==> ENTER THE PMLEM TITLE:,/,5X,20H(80 LETTERS MAX
000 %ORMA iOA‘ol

iOOI _ OREAT { X;ZOE&)
€__SUMMARY OF FIRST LINE OF INPUT DATA _
CA cmscm
Wi (
570 r%guf\ ¢1%702 \MMARY OF EIRST LINE OF INPUT DATA?',
I/AIX; H==> NTER
GALL QUEry Ang
F &R%“ .?E.Z; ]O T0 10
Watt u,:;o 1) TITLE
WRITE (63875)
ATt
7 ORMAT ( 1X,7X, " ILCAR R THIS ')
£ Foami (}/:Zgn 35 E ?o A PIRLE [¥ie'or veuT DATAZ",
10 Makdpeenes NTE
€ WRI g”o'a TO_FILE
WRITE(LUN,1000) TITLE
SECOND LINE INPUT DATA--GENERAL PLANFORM PARAMETERS
READ GENERAL GEOMETRY CONTROL DATA
BAINT %, /as> ENTER THE_WING AREA, IN UNITS OF SPANMNZ. *
PRINT ‘;3 . ARE?F A S INCr e s e ek AREACENSQUARE  FeET. (R)"
}
PRINT *
PRINT &, j=x> ENTER THE NING SPAN SEEN BY THE FREESTREAM'
F‘E’I‘ﬁ}';: ' spalEL & e vy DeSEREDCUNI TS |
PRINT &, ;==> ENTER CREF, THE RENCE_CHORD. THIS '
’gg; % RO RoRMACIZING SRRTON  ReRND PTe ot ek RENT
PRINT *, ' E THE SAME UNIT YOU_ENTER ZERO,'
PRINT =2 RE MEAN: ALROVNANIC cnorb Wil elOU<ENTER 75RO

\d




t5,%) CREF

5

*

¥, 's=> ENTER XMC, THE POINT ABOUT MHICH PITCHING MOMENTS W
#, AKEN ED_FROM TH APEX ( .
%) S e AR RER FEOlS THE ANV G ) APEX (ORIGIN)
-Gl it
*

&

*
BDVDOW VOV VO=DOD
MDDV - -;sxmu-xm

-ew

®)

» "33> ENTER XCG, THE WING CENTER OF GRAVITY LOCATION, MEAS
*, FROM THE WING APEX (ORIGIN). THIS WILL BE USED AS TH
*, °* PITCHING AXIS FOR COMPUTING THE STABILITY DERIVATIVE

ig B R TR T s

*,
15,%) XC6
SUMMARY OF SECOND LINE INPUT DATA

TP Dbt 2

R 953935557

-
-t

CALL CLRSCRN
?5&15 }?1%’9' RY OF SECOND LINE OF INPUT DATA?',
1@&. H?;'ETT "5:'»;‘ Eogzzfg’ 30,1105

i'{ %I AREA ;SPAN,CREF ,MC ,XC6
NRIT )

A
o

(NANS )
s 101
Eolhi'g?{ﬁ’ 'gPAN‘ 27X, 'CREF* , 7X, *XMC * »8X, 'XCG* )

t1%,F
%> 33HCHANGE SECOND LINE OF INPUT DATA?
rﬁén1=$zs§z=m”so ATAZ,

(4]
ML~
o IR olo
O uN\NXX
Ve v

0) AREA ,SPAN,CREF ,XMC ,XCG

THIR

z
[
o

-

L

*

*,
(5,%) NR
»*

*

D
ALL
4 NT ) NROAS DIVIDED INTO. REQUIREMENT:(3.LE.NROWS.LE.40).(I)'
PRINT
PRINT %,'zx> ﬁcmen Ncaggs THE roné NUMBER gr ngga NTA; EASFS.'
PRINT %,* ASE BE ONE_MORE_THAN TH “"§ch$ OR*
JPRINT *)e mu%nsm\ A INPUT WILL BE Ezesu o”fLL OR THE ANGLE
PRINT %, * OF ATTACK CASE. REGUIREMENT:(1.LE. S.LE.10).(I)°
555%;‘2:*’ neaSEs ¢ q 1.LE.NCASE
‘== Y - Y . !
BT 52 1 EERIRIYN,TIE A, SIAETRY INDICATOR FLAG. (1)
ER INT *, °* > § u%ns OR JET_ARE N-§ MM ﬁ*g ¢
RINT %, ° < WING AND JET ARE ANTI-sYMMETRIC.®
§E BTI;,*) ISYMM
NI %, '==> ENT PRINT, TME PRINTED OUTPUT CONT '
PRI % o ENJER ttun% gggnﬁav %ETAI%S AND Toy R? RSL(‘:SE#;.'
RINT %5 ° z N"a0p N, PRINT ANWISE L AB :
RINT =, ° =0 ADD%TI 4, PRINY CHORDW E Eo NG, *

RINT %) ° < 0 IN ADDITION, PRINT %k MATRICES, B STi:
RINT x, UTION CHECK AND OTH a‘e:im.s. R!
PRINT x, ° ROUBLESHOOTING-VERY LA S PUT. )"

EAD (B,%) IPRINT

RINT %, °'==> ENT ETFLG H ET IND . M

RINT %7 2 “an-NARNING. Pais VERZTon NOT TESTeD For' JeT IpuTs.me:

RINT », ° =z iuens 1A JET SHEET. "
LPRINT x, = HERE I35 NO JET SHEET. NO JET INPUTS WILL BE RE

E;\o 15,%) JETFLG
MR NF i1 == ENTER IGTYPE, THE WING PLANFORM GEOMETRY INDICATOR F
’IgNﬁ,u. . s 1 WING PLANFORM IS COMPLETELY ARBITRARY, AND SECT
0255'-“ ®, * LEADING AND TRAILING EDGE COORDINATES WILL BE R
PRINT », °* TO DEFINE THE PLANFORM. '

PRINT #, * 2 2 WING 5 ANFORM IS TRAPEZOIDAL, AND SIMPLIFIED'
PRINT %, °* PLANF INPUT WILL BE READ.

35?31 (5,%) IGTYPE

RINT #, 'sz> ENTER _IMINGE, THE HINGE EVD INDICATOR FLAG.({I)*
’gnx'rsl‘v',*: ' =0 agcuun’svo ONLY WILL u% usgn g At'ZL HINGE ELEM
’Pﬁg’[ *, > 0 HINGE EVD WILL BE USED ON ALL HINGE ELEMENTS.
’équ », ! OPTION IS NOT PERMITTED FOR USE IN COMPUTING TH
PRINT %, ° OYNAMIC STABILITY OERIVATIVES (IDERIV>0).'
55?31'5:" IHINGE

PRINT %,'zz> ENTER IDERIV, THE DYNAMIC STABILITY DERIVATIVE FLAG.'




BRINT 2, © =0 ABASI L EXECUTED WITH NO STABILITY'
HIEE Do GO e
P *y * > FOLL Y A*
vniﬁ} -4 O Bvhante SiaitthySoeRXTEYICR ROt o
READ (5,%) IDERIV
PRINT *
SUMMARY OF THIRD LINE INPUT DATA
CALL CLRSCRN
unxzi £83660)
(1%, Y ATA?'
600 1591x‘§ u=§§nfu""ﬁk )grvegfng LINE OF INPUT DATA?',
1r (RAES D TR
WRITE :g ) NROWS ,NCASES ,ISYMM, IPRINT
WK i ¢ :6 } JETFLG,IGTYPE, IHINGE , IDERIV
calt R
IF _(NA
MAT

&

ol 1o
F R X:(’.NaxN”'?g§i’/ RSES':IX.'ISYm'.ZXs'IPRIN'l")
B R e
C3°MI$ "I"'HETO LE
Pl L T Y

TR

RE = CREF

XM o= Ac

X = xgé

NRO = NROWs

NC_ = NCASES

T

=

¥§} 2 §1§E§

CETERENESUHe ES 85 B 1S DesneD

50 CALL APPLY1
0(%0;70,100,120 ), IR

¢

C

E A REGU#AR RUN WILL BE EXECUTED

E A STABILITY DERIVATIVE RUN WILL BE EXECUTED
0 CA P

% ¢ gF%;ﬂxgi Y 2) GO0 TO 120

FEIEJEIEEIE 2636 26 JE I IIEIEHIEIEI I HIEIEIEIE I I I NI )

?BI"E§¥8?2‘E§E°§ MESSAGE FOR THIS RUN AND GO BACK TO BEGIN A NEW RUN

80_FORMATC1HO//// 32X,1005Huxxx), SHwwx/ 32X

1 gatix THE PROSRAM HAS® REACHED NORMAL TERMINATION %/
T

H

2 X » 1O BH 3% ) , SHH )

PUT IN AN OPTION TO DO ANOTHER RUN OR PRINT A '9' CARD AND QUIT,sme
READ(S, 2

1

( 0, END=100) TITLE

90 IF(TIT(E(1) .EQ. CHECK) €0 TO 10
GO TO 20

O AOOOO

0 _YOU WISH TO ENTER ANOTHER SET OF DATA? (Y OR N)*

N') THEN
CHECK

A
C _PRINT COMPLETION MESSAGE AND STOP EXECUTION
i(llo g?%;E(G, 80 )

636 36 3656 36 36 36 36 36 3¢ T3¢ HEIEIEIE JEIE T8 I3 JE I IEIE I IEIEIE JEIEIEI6 36 J6- 36 20 JE I I IHIEIEIEIETE I IEIE I JE I I I T JEIC I TN N 0

A FATAL ERROR HAS OCCURED. PRINT FINAL MESSAGE AND STOP EXECUTION.
JEIETEI6I6 J6 76 36 J6 36 38 J6 36 36 ¢ 36 36 636 36 636 JETEIEIEIEJE I-IEIE 6 IEIE I I FEIE I JEIHIEIEIEIE I IIEIEIIEIEIE I T EIEIEIE I IEIETE I I I 3
129 PRANEIE1NE30 Jeox,2
U 1A ol

{ GH*eR ) IRRWNN )/

X ROE;'RAH ﬁ%"'ﬂf\éﬂso ABNORMAL TERMINATION #/
1‘r.‘,zs", 1X5 11 ( BHE6 1 /62X 5 2 ( GHIENR ) )

CIEIE I IIHHHHHHEHHHEHHHEHHEH I HHHHHHHHHHHEHEHHHHHHHHHHHHHHEHHHHHHEHEE
¢ SUBROUTINE CLRSCRN
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LIBRARY ROUTINE TO CLEAR THE SCREEN.
iTA‘I’ s LIBSERASE_PAGE (1,1)
(C 936382638 5 36 536 2 HIENHEHH J I M H I IR

ROUTINE QUERY(NANS)
SRTRETO TP 10058 SASERBY REICTCR MSEORCETRAVIION:
 {T
AT E: T sl et ey
Bl e e

CIEIIIEIEI I H I

ROUTINE APPLY1
g TI'IIS SUBROUTINE CONTROLS ALL ASPECTS OF INPUT FOR REGULAR CASES

"HE 4 EEE A Néh'l 4§!&I$YNM » IPRINT sx!{&g!ﬁYPﬁ s ININGE

THERE  T5 AN ALPHA

c DEC? i

;?Gigvm .LT. 0) NOALFA = 0
i EALIZE AND INCREMENT THE CMU CASE CONTROL COUNTER
0 NEWCMU = NEWCMU + 1
EXECUTE HE PROBLEM FORMATION STAGE

TAGEI
§0Ni? %0 , 60 , 70 , 80 ), IR

T E_PROGRAM HA: SUCESSFULLY

§ HE_ P! aGgNO DOS BEg é‘o,%chsg ESSFULL
#5 LG .NE ) 70 60

§ I JIEI I I I I3 3 I IHEIIEN NI NI I I TN NI NI I ¢

THI RUN HAS BEEN COMPLETED. RETURN TO START A NEW RUN.

TUR

C ;HIZERUN HAS BEEN COMPLETED. NO FURTHER RUNS FOLLOW.

FA%AL ERROR HAS OCCURED. RETURN AND QUIT.

cm***%s******ﬂﬁxﬂu*ﬂummxmrmmm
UBROUTINE APPLY2

UBROUTINE CONTROLS ALL ASPECTS OF INPUT F
I§1T$ DERISA%IVES s AS 0 OR

ONOON
=0 W
oz =

o

0
ST TTRLELAE TRREFATERA TSR IC
F1

RST RUN
PROBLEM AS USUAL
110, 100, 110), IR

o0
=]
AR,
N

:\

)
//////// STX 110 GH®%R® )
SECC ! }OR STABI‘.f DéRIVATIVE CASE =/

2 s
C IF IMIS nenu WIS, SHITCH IT TO ANTI-SYMETRIC FOR RUN 2
c st 205 fsvm Y

CIEIIINIIIIENINIIIEN I I3 I I I
C 1‘l’l'ﬁl IS THE END OF THE LINE

G 15, RTATOR RS DM R RIS R  EHPRR AR SO

ETURN
cmgasﬂ"ui“mmnmmnmumm

»
Mlh?
o3m
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SUBROUTINE STAGEL
TR R T R L RS or M e E R h A BT oL o TRV SOBROUYINEENCS: AN
THENACASES PRINT JETFLG TGTVPE I
g N SPERTTS &%mm.mAIIFA.L ? W5t83 Theor.1ata0)
s &"‘o RST CMU CASE

R Lo e v 1) 60 T0 80

scg?;% INPUTE 1 ) i% GIYPE +EQ. 2))CALL SGMAIN(NOALFA,IR)

USER INPUT ERRM
PRIN‘I’ ;R gi" ? BSEAUSE IGTYPE HAS THE WRONG VALUE

s R

onon o0 on oOnnn
-‘

eS‘?‘ 530
: 55‘?@?&‘.‘.!&’ﬁi@c&%ﬁs‘“’“"‘”‘s
S5 Rl e R b reLc,qn
o B

E nstg:n }?RMALI.Y TO THE CONTROL PROGRAM
T0 130
E PRI ERROR B'CAUSE THE NROWS VALUE IS UNACCEPTABLE

80 PBLAEYE in:§s§x 7HNAONS =,13)
§ J636 363036 36 20 6 IE TEIIE I6 I I I I IEIEIEIEIETE I IEIEIEIEIEIEIE I I I IC I8 3 I IE JE I8
LA FATAL ERROR HAS OCCURED. RETURN ABNORMALLY TO MAIN.
¢ nergg ?o MAIN AMD BEGIN A COMPLETELY NEW RUN
c RETUR Ny ?g fIAIN AND STOP THE EXECUTION

c***g*é!%gg***mmu*muunmmmuumm
SUBROUTINE SGMAIN(NOALFA,IR)

HIS_SUBROUTI NTROLS A TRY CALCULATIONS FOR TH
ML BN R ROET BN 1R TEThgp A L CEOME CULATI €

COMMON/MATHEW/NCASES , ISYMM, IPRINT , JETFLG, IGTYPE , IHINGE

READ THE_MWING PLANFORM GE ATA
E E %ALL INP S| Ikm T OMETRY D

F= TYP .EQ. gAib XLETR1(IR)
Fl GTVS ) CALL XI.ETRZ

RCM: NING PLANFORM GEOMETRY DATA

N

READ THE_JEY SHE T GEOMETRY DATA
30 UTJ( E
‘fé &RIN'E,Q JZ) GO0 TO 100

TIEUC T"FIF!W ELEMENTS
Ie( R .EQ. 2) GO TO 100
CONSTRUCT THE SET OF FUNDAMENTAL GEOMETRIC CASES

90 N = 1,NCASES
Eguszsu ’

gEAD THE_GEOMETRY FOR THIS CASE
0 CALL INCASE(LCASE,NOALFA)

PRINT THE GEOMETRY AND CONSTRUCTED CASE DATA IF DESIRED
FILCASE .EQ. 1) WRITE(6, 70
70 PORMATCINIG Y ° ’

20

o on o0 000 000 OD O

tz2> EgJ(.Y.I%R ;"O"SEE THE CONSTRUCTED CASE DATA?'
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£

oo

R e e E-e .- -

*F (ANS .EQ. 'N') THEN
'OINV R E = REENTER.*
NS I% % INVALID RESPONS E

1010 ORMATI AG)

)
sg i‘ I%ll LCASE

URR

AN ERROR HAS OCCURED. RETURN ABNORMALLY TO STAGEl.

100 g8, 5ok

CIIIIEIEN 636 362 343 3%

ROUTINE INPTS(IR}

JHES SUBRQUTINE READS THE WING GEOMETRY DATA FROM THE KEYBOARD
EWOM 17yis E’Ex {40 f"{?ua e T PSR AT S MRS M
sms" R s Tenies
‘somaunoalt .kH“

{NPUT THE SECTIWI. PLANFORM DATA
0 NNTYPE =

»1

0

rﬁi : secnou CENTERLINE LOCATION VALUES®
ﬁTN; X ! ™ THE Eﬂés %W?I ;T,‘Eiﬁgﬁmf .0< <IES§I$§)'
Y

b BRTNAT TERCBREIETOR ITReMR:EOBR VIS0 TRIc M

ve w

»*

»

»

»*

o b) LEFT WING TIP FOR NON-SYMMETRIC WINGS.'
:v A MAXIMUM OF 40 SECTIONS IS ALLOMED.'
K

6

{

»*

PA-R AR R )

omxoxwzxzpmmxzxz»

0P

ER SECTION CENTERLINE *,I2,' OF ',I2,' SECTIONS.’,

e YOU ARE ENCOURAGED TO CHECK THIS DATA| sxm *

F THE sE E § Rg!,ﬁ T VA IQ'
N_ERRQ E \
i'es..sessxe'c ot | §"E ¢ 40 YOU RILL HAVE To

RY OF SECITON CENTE ATA?®
XgYE§)§= )RLI?EINPUTDA,

g‘é

B
2

8

T0 20
s YIK),K21,NROMS )

§§

M-(Mz

Ca il
P>,
=
-r
e v w

-0 OO

n

Vv v

[0

- A
m

E

X
i
wops
:gﬁa

.,gg
3
Ay=t—t

i)

CENTERLINE A IS:*
'5 mM)ﬁE/RE NTER Tnfs INPUT DATA?’,

{

A
} N0 } (Y(K),K=1,NROKS )
(1X,5%, ‘SECTION =',12,3X, 'CENTERLINE =',F10.6)

X

$3

EN b
oo o
e
228 0]
Dt
Eme
=

Itped
e

»ww,
§O

X
=
(4

ECTION TYPE CARDS

,.
©
;
2

’ WING SECTION YYPES ¢

SRR T T DI

3zezazpid
2323
.*t.‘.‘

v ww
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]
-
-

OF ELEMENTS, ALL WNITH THE SAME SPACING FROM THE SECY
‘ LEADING EOGE ARE OF THE SAME ICTYPE. BEGIN WITH A TY

1 AND WORK IN SEQUENCE, 2,3,...(ASCENDING ORDER).(I)*
' A MAXIMUM OF 10 SECTION TYPES IS ALLOKED.*

o ¢ &
O+-OMm
”g’ﬂ
g -
x
-»

m:u;gvv“v

-
-

s T

00

> R KKK
~
-—H

555“%

-

(ol g

GT PE) NWTYPE = ICTYPE(K)

MUM OF } éCL'E TVPES ;S ALLOWED. *
you HAY ENTER Cﬁl MORE DIFFERENT TYPE.'*

F WING TYP! I13)
ronmﬂtx,?x ENTER CT YPE FGR SES?IU’! '»12,* OF *',I2,"' SECTI

’-MRNH
—

L 2 % o
wewes

EE ZzzEeasy

§ SUMMARY OF WING SECTION TYPE INPUT DATA

26 'sz"
120
i

'::g ‘MRX OFYES SEC’é(N TYPE INPUT DATA?',

TO 25
) (K>ICTYPE(K),K=1,NROKS )
NANS)

HE NINg §§CT ON TYPE_DAT
SECTION ='512y X,'SggTION %YP% ’,IZ]

G f'HO-.-!g -
)|
al ol V
’-vv
HNNN

o~ ;rqqdz
Z8
xﬁ -~

Sx

AN
o~
PN

(]
NnE-OMN
v..r. ]
z—cugczzo-m::

M= I I 02,

—_——

b
Q.

-
E-‘ 2Ky
e O w

<

E
Ot ) (ICTYPE(K),K=1,NROWS)

W

o

P
gaﬂlOOO
N

-~ AN

onn O
k.
(=]
-

CHCROWISE WING ELEMENTS CARD
CLRSCRN

:. ' CHORDWISE WING ELEMENTS®

%, ‘a=> ENTER N. HE NUMBER OF CHORDWISE

*; o FOREEAC ’ﬂINE SECTIONOTYPg? ?HE M‘gﬁ 5 EE&H??E#T
*, °* BE ENTERED IN ASCENDING ORDER BY ICTYPE. THERE MAY B
' FEN AS 2 ELEMENTS PER SECTION TYPE OR AS MANY AS 20.

VOVOTO s

5””2”2) m

Pobed bl A bl bl bt P

S50
555:23’?2*

R

+

W
L
%
-

~N
> 3 W
HZDFOV=UMD

=
32)’
»*

YPE
N E;TM'I"YPE

r;nxom b

-
r4]
e o

g . (NIN .GT. 20)) THEN

HE”E”EH FAs Nekonea)ql‘lﬂ OF 20°'
END

i 6 ﬂﬁr%l%’s"’éﬁ%'é‘k“‘m'}a? GEEED EL NS SR MeE P32, oF 01
__30 *&otn vue

NI

[ o]
K KO

O v v v =4
W
.--..l

OUVE:
207000
-‘
=]
n

CAL%= CLRS RN
36_FOR AT (iX, glw* ! OF vEgORgNISE WING ELEMENTS INPUT DATA?',

" - -
70 35 :

(NSNI(N),N=1 ,MNTYPE )

NANS )
) 60 70 3
I 7R e CCHORDRISE WING ELEMENTS DATA
2 r&nmaéx,éx Lo O T L2 o CHORERE oL ELerentS s 12)
C HRITE DATA TO FILE
rRtel o 8550 (nzong.Ne1 NeiTYRED

READ THE CHORDNISE DIVISION DATA FOR _EACH ROM TYPE

E WING CHORDHISE ELEMENT COORDINATES CARD

wiaz
§e~
mmmm

NT », °* NING CHORDWISE ELEMENT COORDINATES'
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,®s '=2> ENTER XBW, THE CHORDWISE COORDINATE OF EACH VORTEX P
. LEfOInE EDEE "§5’-‘§§f§u8‘_fﬁ'e‘f‘*pﬁd“ﬁo&»‘«%"!%‘i REE6ARS
A SET OF C RDE ng'xs REQUIRED FOR EACH WING SECTI
THE NUMBER OF OF COORDINATES WILL CORRESPOND TO THE
Phe"LENBING EDCERESORDINATE"ROSTOBE §%8°an0 mare aur
BE ENTERED FOR YOU. THE LAST VALUE MUST BE LESS THAN
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ELEMEhg‘gnglEm VALUE OF 0.0 ENTERED FOR EVD',
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OR WING SECTIGN TYP :ﬂng 5123
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UMMARY OF ELEMENT COORDINATE INPUT DATA?',
NTER 1 = YES3 2 = NO)

NANS)

.2) GO TO 60

CR

IF

.OR. (XBWN .GE. 1.0)) THEN

COORDINATE VALUE MUST LIE BETKEEN 0.0 AND 1.0°
3 PLEASE REENTER'

PRINT *, * DO YOU WISH TO CHECK ANOTHER SECTION?'
PRINT %, ' ==> ENTER 1 = YES; 2 = NO'
CALL QUERY {NANS)

F_(NANS.EQ.1) GO TO 54

TINUE

TR T DR ET NN © A U SaNT, 7O LOOK AT2*

$ 04x,5%, ' ELEMENT NUMBER =',12,3X, COORDINATE =',F10.6)
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THE NUMBER AND CHORDKWISE SPACIW OF THE JET ELEMENTS ARE READ

§ﬁmwss1/xsw ‘sﬁa o (zo.l l.xcrésﬁg‘é:iﬁ; "‘2?5,',“"1““'
5 MERBTON NE( &8“

READ THE ETIP§ OF DIVISION FOR EACH ROW
ThEYFLG .NE. 0) 60 TO %

JET SECTION TYPE CARDS

E ; CLRSCRN
E JET SECTION TYPE NMBERS®
(I,&;LE§ EXERY S}G‘éll TO THE MING SECTION TYPE DATA®

R ﬁ :, . PREV
JPRINT ¥, *  THE ARRANGEMENT OF JET ELEMENTS IN A SECTION DETERMI
J[RINT », *  THE JET SECTION TYPE. ANV SECTIONS HAVING THE SAME N
JRINT %, *  OF ELEMENTS, ALL NITH THE SAME SPACING WITH RESPECT'
."“"In’é' *  THE WING SECTIONAL CHORD YO WHICH THEY ARE ATTACHED®
'Pﬁ;% %, ' OF THE SAME TYPE. BEGIN WITH A TYPE NUMBER OF 1 AND'
PR %, IN SEQUENCE, 2,3,...(ASCENDING ORDER). "
EE NI ¥, ' A SECTION WITH NO JET HAS A TYPE OF 0 (ZERO)."
RINT #, ' A MAXIMUM gg §E$T§“ §?srs hn.ou;g ;nz-
PRINT %, °* 4|
gshﬁ :1 © o RITHOUT JE 'réwsr BE IN ik THREE OR HOR
’lzqm; %, '==> ENTER IJTYPE, THE TYPE NUMBER OF EACH JET sscuou (1
20 PRINT »
g‘;ﬁ?' 2 ’521} ’m%x
{JITYPE(K ) YPE ) NJTY .mr K
i i‘i R AR
HWRITE(6 ) NJTYP
ER% :: i 1 IMM OF 10 JET SECTION TYPES IS ALLOWED.'
" g;m 20 YOU MAY ENTER ORL HORE DIFFERENT TYPE.®
ORMAT ( IHNLRB, SECT.
R 0 RS SECHBRHITOR B I e, oF e, s
25 CONTINUE °

SET UP FOR ROW CONSISTENCY CHECK

1
DEF gs 8 OHE NlM?ER OF CHORDWISE DIVISIONS FOR EACH ROW

}SkIéTIngﬁg %Q 0) GO TO 80
éﬁigég‘ilk‘agzi‘ CONSISTENCY ON EITHER SIDE OF JET
{0 e st 1 g
L
it o e g
EiEie) 69 gyt 1 g
} 0 cg&r}g‘fw; ICOUNT + 1

( T .LT. 3) 60 TO 170
*O’OLT 1

ROR ues OCCURED . ; N; HEgSAG% ?ﬂ’ER DATA AGAIN.
R e

SUMMARY GOES MERE

NUMBER OF CHORDWISE JET ELEMENTS CARD

CALL CLRSCRN
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PR »*
Egiﬁ X, ' CHORDWISE JET ELEMENTS'
®, ‘s> ENTER NI, TH ER OF ISE JET NTS*
.gglﬁ.*: V> BORCEALR’ JEYE VRGN TVeEORRETRGEER BYOLERRYTS:,
JPRINT 2, *  BE ENTERED IN ASCENDING ORDER BY IJTYPE. THERE MAY',
JPRINT %, *  FEW AS 2 ELEMENTS PER SECTION TYPE OR AS MANY AS 10'
»*
Reab g} w_msa QF CHORDWISE DIVISIONS (ELEMENTS) IN EACH ROW TYPE
- b4
{
28 ; °=5£;}2':; E;m)'"
C(NIN LT, 2) _OR. (NIN . 0)) THEN
T an.zﬁ Ny MIN -6T. 1 .
Eg 57 AHENE ;n‘at MM OF 10
RINT 'z" v LBLEASE REENTERT':

wle
B Eﬁﬂa B P RGRaRh dFEYVETRY TS SHHY, 1 or -1
::nunvlg:s HERE

JET CHORDWISE ELEMENT COGRDINATES CARD

L CLRSCRN
NT %, ' JET CHORDWISE ELEMENT COORDINATES'

A SET OF COORDINATES IS REQUIRED FOR EACH JEY *,
THE NUMBER OF OF COORDINATES WILL CORRESPOND TO *

Phe® T REY B RN BOERT OFoR EACR = I P 26180 ocowms ¢,

&r'CALLTRAILIm EDGE. ITS COORDINATE MUST BE 1.0 AND HILI.'
i BE ENTERED FOR YOU. THERE IS NO MAXIMUM VALUE.'
*==> ENTER XBJ, THE CHORDWISE COORDINATE OF EACH VORTEX',

P ' THE_VORTEX POINT IS DEFINE THE "PEAK" POINT °
1 Evo* S TR} 0 AS I ’

g"ﬁ‘ﬁ BEVISIW DATA FOR EACH ROW TYPE

CrIof 1 ,vpz.
BER'

* &
CSEAESAEeE ZERACE A

ﬁx*éf
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20D OBODADNDDDOR

Dttt o

+* &
29070 -9 -00%70 «0 «UP Y -VOYVOD
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It
1.0
*
{
{
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| e ]

R ml§ IS WITH RESPECT TO THE CHORD OF °*,
%6

m
)

o2 A

C&RDSEA}EEVQEQEN_I_%T BE GREATER THAN 1.0

6) VD

~HOXX,

5X, 30HCHORONISE _ELEMED coong NATE =,F10.6)
' éon 34 ii"" 0 FOR JET EVD ELEMENT ',I2,

ROUTINE XLETR1{IR)
THIS anns rus EADING RAJLING E QORDINATES A
pg" §¥E gu"oﬁins LE#E% 70 3 6t % ooligxwln FOR %ﬁ%‘:‘&'ﬁnﬁ%g'

COMMON/MARK /NROWS , NROKS.J , NHT NMAX \NH( 40 ) ,NJ1 40 ) , IN( 40 ) ,1J(40)
s St T A R I v S P ARkt T T ks AR A S
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1 KK(600),ITYP

cEOM /Q}.‘E:%( I ET SR TN A TTPTY »TANTE(40)
)

[ 2
g {ON/T 'DAT/&UI
IMENSION YP(40),XLE(40),XTR(40)

g LEADING AND TRAILING EDGE COORDINATES
Ea;L CIiRSCRN

NT %, * 4 R& NATES'
ggxm O FORO K R ol "AREIYRARYCE KRPERENATES

‘pnim *, '==> ENTER AS A MINIMUM THE COORDINATES FOR THE TIP AND',
JPRINT ¥, ° ,Eggna'uﬁg "ALSO REQUIRED FOR SECTIONS WHICH °,
PRINT ¥, ° K _JN THE LEADING OR TRAILING EDGES.'

’Pkim’ %, .HE ‘ggﬁnonéyes EFEROFo TAE ElGRBRTSE orsTance, °,
PRINT ®, rg sggg oN ES'&‘E?“‘-I“" FROM THE Y~AXIS TO THE *,
PR %, ! OF SPAN. '

‘paiﬁ %, o ‘:g' rxs;m'm ASSUMES A STRAIGHT EDGE EXISTS BETWEEN',
JFRINT %, *  ENTERED HERE AND WILL INTERPOLATE BETHEEN THE INPUT'
JPRINT =, THE ;r‘mn CENTERLINE COORDINATE IS AUTOMATICALLY',

¢ T0 ¥H DATA FILE FROM YOUR PREVIOUS INPUT.(R,R)’

*,
*
c R?ANXM.;]'&ER F SECTIONS TO UY
9 gRI *, ¢ J‘O& MANY H{“'G’ SﬁCTICNS NILL YOU BE ENTERING',
+ ) NSEE RDINATES FOR?

10 READ(S, %
1 m;écr. 7. NROWS) THEN
WRITE(6511) NROWS
PRINT a{élg RS Lease ReenTER®
NO IF
¢ cmﬁgo Nio*comasc*r NSECT IF IMPROPER VALUE ENTERED
FRiE Fy2y e
A AY (NANS)
¢ reafrlMRiEg-1NE0 10 9
gsg«% - BEGIN AT TIP AND WORK IN. TIP SECTION = 1.°
DO 30 N = 1,NSECT
iN NE, 1) CALL CLRSCRN
g SntiLge ) st
¢ n%ra;eys, r:myl;izu,m CENTERLINE COORDINATE DATA
NEI} 16,621 1
WRITE(6,;43) YPIN)
RBETL (6,460
gséélrs’,"* } ELenn
WRITE(6,45) I
READ(S, "% ) XTR(N)
0 Egﬁ'r‘sz
ORMATI *TH R CTIONS NeT RE_THAN ',12,/)
illrgntgé;ulg:ﬁ;"gug NOVBER OF SECTIONS VOOTWYT BE ERPERINAMoasi®:
61 FORMAT( 1X,5%, J0HCHORDNIS NT C NATE =,F10.6)
-'.% ERIAT 5237 gncisE? 5,,‘,555'1‘,@,8&8 RINATE =
43 FQRMAT(IX,: SECTION CENTERLINE CORDINATE = +»£10.6)
a2 g%mm %2 ENTER THE ¥ 2&%2‘3»";’%55‘«: “8§§‘&I¥529m §E€¥$’d~"‘%£»
’ i£d »
46_FORMAT(1X,' ENTER THE WINS SECTION NUMBER ASSOCIATED WITH °
61,8coom: NAve SET-F, 190 MERSSESTIS 2
" sum""EE\?'BF'EEEt}fﬁé'ANo""fEiiEiﬁé’EG&E'EGBREEFJZ?E?EEFE
c RSCRN
?ﬁiﬁﬁ?‘tﬁgg-’ ARY OF LEADING/TRAILING EOGE COORDINATE DATA?’
1§i&.&s‘g;¢§mm;§ { O ESIOI/TR) T
F (NANS.GE.2 70 60
TR
WR Tg (6,52) (YP(N),XLE(N),XTR(N),N=1,NSECT)
OALL QUEAS S tnans )
oo rontir ISR NBO IO 8 a1,
1"1§°§§‘} ok 4{;”;‘5}22 yOU HISH issgﬁsngcg/iséuﬁn THIS INPUT DATA?',
49 r(mniiux BX;'CENTERLINE® 15X, 'LEADING EDGE',3X, 'TRAILING EDGE',/)
52 FoRMA cgtéx,ho.en
c it DATA'TO_FILE
9 N = 1.NSECT
TTECLUN, $01 JYP(NI,XLE(N),XTRIN)
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01 FORMATI(3
¢ 17% CONTINUE
C outp A

WRITE(
102 FORMAT
R =1
ETURN
(€ 36 2636J636 36 5 36 36 36 36 I IE IE IE I IEIE IEIE I IE JETEIEIE I-6 I I 36 36 IE I I I IEIE IEIEIE I T I ¢
ROUTINE XLETRZ
H SU%ROUTINE READS TH FWAHENTA PLANFORM_ PAR T F A
E ?nﬁezo DAL WING. NOTE ;NA HE PL. FO&H OUTLINE HETEgi S?&E‘I’RIC.
OMMON/MARK, NROWSJ ,NWT NMAX ,NH{ 40) (40)1,IN(40) (
A TR O TN 3 CBAR A ot 40D

OMMON/.JOMN/ ARER ;SPAN KEEP ,CREF ,EMAC
OIMON, ZEOML % (40356 HOR 30,)ixafsdo),xffzooifggttsoo).
TANLE(40 ), TANTE(40)

1

)
D(40),KK1600),T
gm/%gtﬁ%baw(«o ), XTRAL

F10.6)

z CAR oéﬂ;ER NSECT SETS OF COORDINATES HAVE BEEN INPUT
14

(9 Y)

1

v OB

ALL CLRSCRN

! TRAPCZOIDAL WING PLANFORM PARA '
' NOT QERNFO!‘RI% MUST 8 SYW‘:%TR?SIERS

P
E
RAT g"F‘R.(/m‘;REVIWSLY SUPPLIED DATA
Al CULATED WING ASPECT RATIO, ARATIO =', ARATIO

Z3

i
1
b
C CALC i

b=t)»
Zamai
e 1N v

o
At

NFORM PARAMET;RS
HE WING ASPECT RATIO, ARATIO (R).®

[
n
TNV UVVTUVVVOVT U UBCTUY
AMBVDDIMDD0MA DOV VDD
=ZOZTZ-
ZE395%%0

R R

HE_WING TAPER RATIO. THIS IS DEFINED AS*
TSRS TE BENCORBoR b cho of

YR KK RUTE KRV

CALL CLRSCRN

KR )
FO 'SUMMARY OF TRAPEZOIDAL PLANFORM PARAMETERS DATA?Z'
17 3 BTERY] OF IRAPEZOIDAY ’
IF

-

..
s
- >m

1
B
1
L

P DDVL

70 10
10 =*,F10.6,3X, 'SKNEEP =',F10.6,

= 9 .
0 YOU WISH TO CHANGE/REENTER THIS INPUT DATA?®
R 1% YE2) 10.45N ’

«IHOTET O

E
(I)(L}E ) ARATIO,SWEEP,TR

MOt Irmilsn,

=
bl
4
-y
]
FA—XC
4-

R
100 FO%.
PROCES
CoMPUT
B
SK

VALUES FOR USE BY CHECKING ROUTINES

THE GENERAL PLANFORM CHARACTERISTICS
sﬁégp//2$°°zes779
* gﬁAN / *liOQTR)*ARATIO)

(
* CR
2 5-?3 * T + 82 % TAN(
g * SSo)fcﬁsgiiocﬁugg + TR*?R) 9"(?58.(1.047&11

onnon O

"~

num 0

o0
[o]
2
o0 Or
os ONIr-o0
Yt
-
[
(-1t
o
[V
-2
-y
%0
-

MW a=C
[

20 M=
=t» Pp<DOM

zsﬂ

60

RETUR
cm**s*muummmﬂmmumm
SUBROUTINE NORM1
g THIS SUBROUTINE NORMALIZES ALL WING PLANFORM GEOMETRY BY SPAN/2

29
530 2
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F(K ,6T. 1) 60 TO 30
éf ; % 1) 60
30 S(K)_= SLOP{X(KR),X(KL),Y(KR)},Y(KL)}
) 8N£5NU£L? xN: »RIKLY, s
E(K .kt.'sﬁ’so T3 150
F(K 1EQ. NROIS) ¢0'T0 150
Irk (EQ. (NROWS-1}) 6070 160
€ O eI ER  THE Ry R EEF T 38055 6ARF oS BATCHT
F(A g«s1§01) = S(Ke22) .L1.° .3011 G0 TO 160
C NEITHER ggs IS ‘CONCLUSIVELY STRAIGHT - CHECK FURTHER LEFT AND RIGHT
(K .EQ, TNROWS-2)) T0_150
2;1A35151x-%§ - snx-gﬁg -17.79.0011 89 10 160
F(ABS(S(K+2) - S(K+3)) ‘LT, 0.00 T0
€ THE TRUE'SHAPE CANNGT BE DETERMINED - GIVE UP AND TAKE THE AVERAGE
TANTK) = (S(K) + S(K+1)) 772.00
THE_RIGHT E STRAIG!
¢ 1505£3N$5)23:§FK§5 RAIGHT
€ L IRETARTE E2CE XS, STRATCHT
188 LoNTiRuE
RETURN
ROUTINE INCASE(LCASE,NOALFA)
THIS SUBROUTINE READS THE FUNDAMENTAL GEOMETRIC CASE DATA
CHARACTER»] ANS
AR AR T RARR /NNSMS , NROWS. S NHT ;NJT ,NMAX ;NHI 40 ) NJ(G0),IH(40),13(40)
A LI T A TN A e (40),aC( 20,60
LHBL2 140 BET 05400 1010500 100185 ELRDIA0G R it
COMMON/INDAT/LUN
BIMENSION NI{I0},DUMMY{40)
IF((LCASE .EQ. 1} .AND. (NOALFA .GT. 0)) RETURN
c
e
3 ngn%T;ix,ﬁx,'FUNDAMENTAL CASE CONTROL FLAGS FOR CASE *,I2,'.')
+P§§§Es*' *==> THE FOLLOWING QUESTIONS ARE USED TO SET THE CONTROL
425%2?13&5: THESE FLAGS IDENTIFY THE TYPES OF LINEAR GEOMETRIC V
PRINT %, ' 710 BE INCLUDED_IN EACH FUNDAMENTAL CASE.'
JPRINT o TR e R R A S E AN T AV S IRE LubeD AS cASE
PRINT »
’§§%E%D*, * A NO RESPONSE INDICATES THAT THE VARIATION WILL BE O
PRINT *
LBRINI X, © A VES RESPONSE INDICATES THAT THE VARIATION WILL BE
PRINT %, '  AND THAT YOU WILL PROVIDE THE REQUIRED AMPLIFYING IN
o;ORMATIéN.'
RINT
c..10_CONTINUE
C__READ FUNDAMENTAL CASE CONTROL FLA
€
PRINT %, 's==> VARY SPANWISE TWIST DIST 7 (Y OR N)*
20 READ (5)'(A1)') ANS SE RIBUTION
IF A e L] T
L F. (ANS.EQ.'N* N
:L§§T£ST ANSEG.*N") THE
PRINT %, * INVALID RESPONSE - REENTER.'
GO 10 20
NG 1
RINT %, *=a> VARY LEADING EDGE VERTICAL DISPLACEMENT? (Y OR N}*
30 eio (5>'(A1)') ANS E A
IF_(ANS’EQ.'Y') THEN
EnguigsliNécége' ') THEN
re 5T
PRINT », ' INVALID RESPONSE - REENTER.'
60, 10 30
END 1
RINT «
PRINT %, 's=z> VARY JET DEFLECTION? (Y OR N)'
40 READ (8,.(A1)!1A
AL
ELSE IF (ANS.EQ.'N') THEN
£ JNOELY =
BRINT #, ' INVALID RESPONSE - REENTER. '
endor0 4
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R *
ERiﬁ? %, 'z=> VARY THE WNING CAMBER? (Y OR N)*
50 READ (5,°'(A1)') ANS
IF (ANS EQ.'Y') THEN
NCAHS = LCASE
ELSE IF (ANZEQ.'N') THEN
ELSE
BRINT %, ' INVALID RESPONSE - REENTER.'
B
PRINT %, 's=> VARY THE WING HINGE DEFLECTION? (Y OR N)*
60 §§ADA&§;'|A}1-) A ! o
(ANSEQ.'Y') THEN
INBETA = LCASE
ELSE JE (ANSIEQ.'N') THEN
EL%EINT %, * TINVALID RESPONSE - REENTER. '
G0_70 66
END IF
c PRINT *
C__SUMMARY OF FUNDAMENTAL CASE CONTROL FLAGS DATA
g CrEEE
0 _FORMAT TSUMMARY OF FUNDAMENTAL CASE CONTROL FLAGS DATA?®
" sttt BTEA SFERIORTRNg, sk comol fus by
IF (ANS'EQ.'N’) GO TO 70
faFfCEEesa o
6 ;g§n%7;ix.zx,-c0NTRoL FLAGS FOR FUNDAMENTAL CASE ',I2'.')
PRINT %, ' A NONZERO FLAG INDICATES THAT THE LINEAR VARIATION'
PRINF %, * RILC gEROnELOBesNCIERIETaT bR QF A RENGER0 ELAGT
BRINT #, | HAS BEEN SET 1O THE FUNDARENTAL CASE IN WHICH IT-
BRINT X, * IS INCORPGRATED, HOWEVER TRIS CHOICE IS ARBITRARY.
un:fE (6,581)
ﬁﬁ%gf {6,582) INTWST, INHITE,INDELJ, INCAMB, INBETA
? ,
READ (5,1CA1)') ANS
£ (ANg:E?.}Y‘l GO T0_10
581  FORMAT (1X;VINTHST',5X, INHITE',5X, ‘INDELJ',5X, 'INCAMB' ;5X,
582  FORMAT (1X%,5(2X,I2,7X1)
235 EORUAT {20:35%K3R2aTXA runDAMENTAL CASE CONTROL FLAGS DATA?,
1/,1%,254523 ERTER ¥ = YES3 N = NO)
70 “CONTINDE
WRITE TO DATA FILE
WRITE(LUN, 601 ) INTWST,INHITE,INDELJ,I ETA
. 601 FORMATIS'I216 ’ » LJ>INCAMB,INBET
AD SECTIONAL TWIST, HEIGHT AND JET DEFLE
z R T Ty CEQ. 3 el o e 0 JE CTION DATA
€__THIST DISTRIBUTION CARDS
CALL CLRSCRN
§§§ﬁ; ;' SPANWISE WING TWIST DISTRIBUTION VALUES'
RINT %,'  THE SECTIOMAL TWIST IS _THE WING TWIST AT THE SECTION'
BRINT :1' LB ERE TR A M RELp I3, TN RS NS SR FLRENESEERREN
PRINT %,' POSITIVE VALUES ARE IN THE SAME SENSE AS A POSITIVE'
BRINT :i' AL OF-LTTIER fREABYNEMEo2EMEPSEN
ggiﬁ; %,'==> ENTER TWIST, SECTIONAL WING THIST, IN DEGREES.(R)'
DO 80 K = 1,NROMS
R -
12 FoRMAT{ 1, * ERTER EENTON TuIsT FOR SECTION *,I2,' OF *,I2," SECT
oo ET ek
SUMMARY "REGD
WRITE TO DATA FILE
WRITE(LUN, 701 ) (TWIST(K,LCASE ),K=1,NROKS)
701 FORMAT(8Fi0.6) ’ M

85 IF(INHITE .EQ. 0) 60 TO 95

““LEADING EDGE VERTICAL DISPLACEMENT CARDS

Snsrcsconscncnsean - ———— .-

onn o 0N

gafhcLwaii

PRINT #,'  LEADING EDGE VERTICAL DISPLACEMENT'

PRINT »,;  THIS DATA INDICATES THE xsargguL aéiphgcsnsur P Tue"
RINT %,*  LEADING EDGE FROM THE ANE, VALUES®

Eg}ﬁi :i' HoSTRE RORFALTZED By TRE sEcTIORAL CHORD: ¢

PRINT %,°  DISPLACEMENT MAY BE THE RESULT OF DIMEDRAL, TWIST,'

PRINT %20 RORCINERNENDVERLNZEoF"S RERBENGOEDREMERDREE, Th R
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BRINT x»!  TRANSLATION DUE TO ORDINARY LINEAR LEADING AND:
BRINT x,:  TRAILING FLAP DEELECTIONS AND ANGLE OF ATTACK ARE'
PRINT ::- ACCOUNTED FOR AUTOMATICATLY BY 1 SECPRbGRAN RE
55§ﬁ¥ ¥, 032> ENTER HL, NORMALIZED LEADING EDGE DISPLACEMENT.(R)'
0_90 K = 1,NROHS
aRiTitb,ZZI’K NROWS
BEAD(S, %" ) HL(K,LCASE)
22 FORMAT(1X,' ENTER DISPLACEMENT FOR SECTION ',12,' OF ',I2,
+ VSECTIONS. ',/ )
90 CONTINUE
BRINT %
€ SUMMARY REGD
€ WRITE TO DATA
c FRITETEOR,F36S o {HL(K,LCASE ) ,K=1 ,NROWS )
.35 _IFUINDELS .EQ. 0) GO 70 105
€ "JET DEFLECTION CARDS
GARL CLRSCRN
RINT %
Eg NI %' JET DEFLECTION'
%, HIS_DATA INDICATES THE_SPA ARTATION OF ;
PRINI %o+ BPFreRtlOn NRTGATIER THE REAMISE A éﬁe ON Ofe 5Ly
PRINT #.'  OF IRECTRATLING EDGE- RGa) DEEATAVE O T RohE SN TINE
Eg Nt :: ROt THE RIGHTHOST JET YORARDS THE CENTERCINENT
BRINT %,* A DOWNWARD DEFLECTION IS DEFINED AS POSITIVE.'
BRINT X, ‘==> ENTER 0J, THE JET TURNING ANGLE, IN DEGREES.(R)'
bo 100 K = 1,NROMS
WRITE(6532) K,NRONSJ
READLE, ") DJ(K,LCASE)
sz‘FQRgA;(%éééloﬂgréa DEFLECTION FOR JET SECTION *',I2,' OF *,I2,
LI 4
100 CONTINUE
c 00 EONNT Y
€ SUMMURY REQD
€ WRITE TO DATA FILE
c NR}TE(LUN, 701 ) (DJ(K,LCASE ),K=1,NROWSJ)
105 IF(INCAMS .EQ. 0 TO 160
¢__INPUT CAVBER tvee O 8l SECTION
€__WING SECTION CAMBER TYPE CARDS
CALL CLRSCRN
BR u; ;, WING SECTION CAMBER TYPES'
BRINT %, | THIS DATA IS SIMILAR TO THE W ECTION TYPE DATA.'
PRINT %) IHISRBER FER STHTYORS i 5EN3}N$ WE gang"cunﬁgn TYPE*
PRINT %, ° THEY_MUST BE_OF THE ING SECTION TYPE (ICTYPE )"
BB AR e s eI T LR eI
PRINT :I ¢ WORK TH SEQUENCE; Z:2.. TANCENDIRG DRGERS.TD)!
BRINT x, * A SECTION WITH NO CAMBER HAS A TYPE OF 0 (ZERO).'
BRINT X, ' A MAXIMUM OF 10 CAMBER TYPES IS ALLOWED.'
BRINT X, *==> ENTER ICT, THE CAMBER TYPE NUMBER OF EACH SECTION.'
[ = 0
110 K = 1,NROWS
B .
¢ nsr;nu:us’nuna ROF CAMBER TYPES
ELICTIKY Q. 0) GO 10 110
FELICTLR) C6T0 NCTITNCT =ICTIK)
Ni'xc TS
1 'ﬂ% TE?Z'a { ﬁEf”
PRIN %, ' A MAXIMUM OF 10 CAMBER TYPES IS ALLOWED.'
R *, ° X W A RNTING ¥’
g PRINT &, *  YOU MAY ENTER ONLY ONE HORE DIFFERENT TYPE. '
41 §Eﬂ:1(1x X»2OHNUMBER OF WING CAMBER TYPES,
%2 FOR c}i1x’§.’5§15n RAMBER TYPE FOR SECTION ' 153! OF .12,
110 cou%xuug“é' ’

FI8E ) cxcroky,k=1.nROMS)
101 FORMKTCaDE2) i

SA&L CLRSCRN .

€
g WRITE I? DATA
¢
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BRINT %, ' CAMDER ANGLES FOR THE DOWNWASH CONTROL POINTS'
PRINT %, |  THE CAMBER ANGLE FOR THE D ROL_POINT
PRINT » §“§Nv‘¥ '? v Eﬁoésu is “Erﬁf&“@é?ﬂs°°"ln9*'
BRINT x» | TiD ADJRCENT x5 b BOUNDARY ) POINTS, ' INELUBING THE '
PRINT %’
AT 52 0 RHL IR M EBGDSE 40 4 posiTove
;ﬁ NI ¥, '==> ENTER AC, THE CAMBER ANGLE, IN DEGREES.(R)'
C READ THE CHORDWISE CAMBER ANGLES FOR EACH CAMBER TYPE
Gt g
it e bl
135 conTiRuE” ¥ ké'L’N]
T T Rl
24 PORMATTIX,* CLOEATED A7 CHORBHISC COORDINATE =',218%6) g
SUMMARY REQD
© TR TO DAL,
135 géﬁ;;hbéN. 701 ) (AC(L,NJ,L=1,NIN)

IF(NRONSJ .EQ. 0) GO TO 160

Gatl CLRSCRN
PRINT % TRAILING EDGE CAMBER ANGLE FOR WINGS WITH'
BRINT :i I 2 E g (T
PRINT » THE TRAILING EDGE_DEFLECTION ANSLE DUE TO CAMBER'
B R Bhensathoade il Uitk e SEp 1O
»
PRINT %,'  RESPECT 10 FREESTREAM. vib gNARE RKING
BRINT ;Z' FROM THE RIGHTMDST JET- TORARDS CERTERLINE?
PRINT %, '  POSITIVE VA RE, IN THE SAME SENSE AS A POSITIVE®
BRINT ;i o ROSTIRYE-YAYWER (REENNEMEo2EMERSE
PRINT x,'==> ENTER ACTE, TRAILING EDGE CAMBER ANGLE,!DEGREES).(R)'
€ READ THE TRAILING EDGE CAMBER ANGLE FOR EACH JET SECTION
DO 140_K = 1,NRONSJ
WRITE(65>62)
WRITE(6563)
READ(S, % ) ACTE(K)
199 CONMAYTIX,* FOR JET SECTION NUMBER °.I
6% FORMATI 1% EQRerClaMECR el B6R 1akiline evoE '1/)

WRITE(LUN, ;05 } (ACTE{(K},K=1,NRONSJ)
STOPPED HERE (JAC) - CASES WITH JETS HAVE NOT BEEN FINISHED.

- > - - - - -

THE HINGE LOCATION, TYPE AND TURNING ANGLE DATA

€
g WRITE TO DATA FIL
c
€-
c

AD_THE MINGE LOCAT P TURNING ANG
xgﬁ ?stxuserAGFee. 82 18 %50 i AND TURNI LE DATA
¢ “170 READ(S, 160 (IHT(K),K »NROWS )
0 180 X = MR
e(IRT(K) .GT. NHT) NHT = IHT(K)
180 N 160N =
D N B L NI IFS(L N SBET 4)
%og E M%f‘u %?go 6 §17F :6;51 S(LsN),BET(L,N),L=1,
¢ 170 WRITE(5, 100 ) 1INTIK),K=1,NRONS)
210 ORETORR >’ HTIK),K=1,
;**mm
EBroutIng ouT1(LCASE)
HIS_SUBROUTINE PRINTS OUT GEOMETRIC D IVED FROM THE
§ MR SRACHE T NG ThUT THE IC DATA DER
COMMON MATHEN/NCASES TSYMU, IPRINT JETFLG, TGTYPE INT
0 /Lﬁﬁé”kgg§t"t " R R i S RS A8 00, 10100)
0 JOHN/ A,SP ARATIO TR,SWEEP ,CREF coAn
lEounnuxcsoul/ggzgﬁ,gg?éote N ﬁsng(«g)’ FEoS 1AL TRO%s PEES0),
COMMON/GEOM2/X eaolao),x?&LILla ) ),r
COMMON/FCASEZ/THIST(40, 10 WL o. cao} €(20,40),
Bi3,40) (4 l ar(e INCT T
COMMON/FCASE3/EPS(£00,10),BTA1 600 ).tue 140,10 ustao:ls
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¢ COMMON/INDATA/ARE ,SPA ,CRE , XM, CMA ,XC ,NRO,NC , ISY ,IPR,JET ,1GT »IHI
P:Ig;‘gg:sé TIé‘,E iND D SENERAL GEOMETRIC PARAMETERS
19 WERY nzuf.soxnbmmm)/
} "ox’lolt.u****)///zox,zsﬁ) COMPUTER  PROGRAM %/
kRI‘l’E(g G0~ 1 RREA, ARE pAN.spA.cazr,an.mc.m,cmc,cm.Auuo.
4o FORMAT!( zno 1en
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JJ = NAT

€ »p RINT rmmsmu CASE HEADER
70,70 1:-'12 ém SEONETR DATA AMENTAL CASE DATA FOR
m AMENTAL CaSEOYE o CAT A Rl B IRNIAL S ’

= 1,NROWS

CASE )} HL(K JLEASE 1 THS(K LCASE )
90 FORMAT SE L € L0386, 5x,

L
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1
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ST
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SUMMARY GOES HERE

NDIL ), FUNNYLL ),L=1,NFCI)

MRITE QATA TO FILE
0 I = 1,NCC

NEC = NFC(f)
NRITE(LUN, 40 ) (

VLLLL
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?8 E%}WO(BZ;IZ.FGJ&H
PUT_A

CAREQAF‘I"ER NCC SETS OF DATA HAVE BEEN INPUT
9)

UBROUTINE BLOWIN{JETFLG,IR)

ADS THE IONAL JET B
TERGRUING BEMRRITR SECTIONL JET BLowtie ares

COMMON/MARK /NROWS , NROWS. S NJT ,NMAX , NI ( 40 ) ,NJI (40),TJ1
COMMON/.JCA: E/coré'?h).cmﬁmi,c'dwmé’)“ WNJ140),IN40),1J140)
IMENSTON DCMUI40 )

c COMMON/INDAT/LUN
IFL JETFLG 'E 9) §0.T0 20

C READ THE ATA ONLY FOR THOSE SECT WHICH HAVE A JET

: E Bl ??a og END=60 ) ODCMOTRD SRET VDS S JICH HA
0 rn(gc%uu} .LT. 800.0) 60 TO 30
RETORN
¢ BEARRANGE THE DATA INTO THE PROPER SEQUENCE
DO 50
40 go TR )" s "o 1gHRONS
ZETNI(K) .8q. 0) 6O TO 50
CMU(K) = DCMU(KP)
50 CONTINUE oc
RETORN
& AN EN OF FILE HAS BEEN READ. THIS RUN IS COMPLETELY FINISHED.
% ggvzminiuunux,smm MORE CMU CASES HAVE BEEN REQUESTED)
TUR
ERpURN

¢
CHIIIHIIIIEIIIIEN TN TN H I IIEIINN I I IIHEIHIHOHHHE OO
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APPENDIX E. FIGURES GENERATED USING DISSPLA
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PROGRAM PANEL- NACA 0012 AIRFOIL

;
g : H
=8
ge

E

¥ 0000  o0.126 0250 0.373 0.500 0.828 0.750 0.57 1.000

X/C (CHORDWISE LOCATION)

Figure 26. Program PANEL- Shape Generated Using Airfoil Coordinates Data File

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The surface coordinates for the airfoil were input to the PANEL
program using an input data file containing 28 surface points.
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PROGRAM PANEL- NACA 0012 AIRFOIL
EQUATION GENERATED SHAPE

03

0.280

0.426

2/C (AIRFOIL THICKNESS)

-0.126

-0.260

-0.378

0.000  0.126 0250 0.975 0.500 0.528 0.750 0.87% 1.000
X/C (CHORDWISE LOCATION)

Figure 27.  Program PANEL- Shape Generated Using Internal Equation for
NACA 0012

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The surface coordinates for the airfoil were generated by the
PANEL program using the internal equation for NACA XXXX series airfoils. Twenty
points were used to describe the surface. Despite using fewer points to define the sur-
face, there is virtually no difference between this plot and the one on the preceding page
which used actual airfoil surface data.
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PROGRAM PANEL- NASA LS(1)-0013

: I
2 —
z s
g‘ \ | /
Qs
s -
' 0.000 0.128 0250 0.575 0.500 0.425 0.780 0-:'75 1.000

X/C (CHORDWISE LOCATION)

Figure 28.  Program PANEL- Shape Generated sting DATA Statements for
NASA LS(1)-0013

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The surface coordinates for the airfoil were input to the PANEL
program using the DATA statement entry method. The DATA statements for the
NASA LS(1)-0013 within the PANEL program contain coordinates for 28 surface lo-
cations. This plot is nearly identical to that found in Ref. 18.
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Ficure 29. Program PANEL- Comparison of Shapes Generated for NACA 0012
and NASA LS(1)-0013

This figure compares the shapes of the NACA 0012 and NASA LS(1)-0013 airfoils.
The actual surface coordinates were used for this plot. Again. this plot is nearly identical
to a similar plot found in Ref. 18.
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Figure 30. Program PANEL-Surface Pressure Distribution for NACA 0012

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The pressure distribution is for the NACA 0012 airfoil defined
by an input data file containing 28 surface points at an angle of attack of six degrees.
The results of the program run are repeated below.

DATA FILE: PPRESS.DAT
ANGLE OF ATTACK IN DEGREES = 6. 000

CD = 0. 00387 CL = 0.70980 CM =-0.17750 CMC4 =-0. 00092
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Figure 31. Program PANEL- Surface Pressure Distribution for NACA 0012 Gen-
erated by the Internal Equation

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The pressure distribution is for the NACA 0012 airfoil defined
by the internal equation using 28 surface points, at an angle of attack of six degrees.
The resuits of the program run are repeated below. A slight difference is noted between
the plots and the values obtained. This is due largely to the difference in the number
of data points used and the spline interpolation used by the plotting routine.

DATA FILE: PPRESS.DAT
ANGLE OF ATTACK IN DEGREES = 6. 000
CD = 0.00721 CL = 0.72235 CM =-0. 18377 CMC4 =-0.00398
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Figure 32. Program PANEL- Surface Pressure Distribution for NASA LS(1)-0013

This figure was generated using the DISSPLA portion of EASYPLOT on the IBM
mainframe computer. The pressure distribution is for the NASA LS(1)-0013 airfoil de-
fined by a set of DATA statements containing 28 surface points at an angle of attack
of six degrees. The results of the program run are repeated below.

DATA FILE: PPRESS.DAT
ANGLE OF ATTACK IN DEGREES = 6. 000

CD = 0.00324 CL = 0.69366 CM =-0. 16505 CMC4 = 0. 00750
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Figure 33. Program VORLAT- Spanwise Lift Distribution Using Cosine Spacing

This figure was generated using DISSPLA and running the PLOTSPAN program
on the IBM mainframe computer. The spanwise lift distribution is shown for a flat
rectangular wing of aspect ratio 2 at an angle of attack of six degrees. The results of the
VORLAT program run are repeated below. (The PLOTSPAN program is located on the
AERO disk of the IB:\i mainframe.)

#* COSINE GRID SPACING **

NX= 5 NY= 10 ASPECT RATIO = 2.00 ANGLE OF ATTACK = 6.00

CL = 0. 25905
Ch = 0.0106492
CD/CL2 = 0. 1587
CMLE = -0.055061
XCP = 0. 21255
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Figure 34. Program VORLAT- Spanwise Lift Distribution Using Uniform Grid

This figure was generated using DISSPLA and running the PLOTSPAN program
on the IBM mainframe computer. The spanwise lift distribution is shown for a flat
rec:angular wing of aspect ratio 2 at an angle of attack of six degrees. The results of the
VORLAT program run are repeated below.

** UNIFORM GRID SPACING **

NX= 5 NY= 10 ASPECT RATIO = 2.00 ANGLE OF ATTACK = 6.00

CL = 0.25711
CD= 0.0105673
CD/CL2 = 0.1598
CMIE = -0.054301
XCP = 0.21119
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